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_FLOW TESTING BY AMMONIA DISPLACEMENTS 


Jack N. Whitel and Thomas Thawley? 
The increasing demand for more and more natural gas throughout the ; 
United States has taxed the capacity of most of the pipeline c companies engaged 
in its transportation. _ With the cost of steel pipe and other materials and ‘tis 


= maintain, the designed capacity of existing systems. _ Deere: 
___ As transmission companies have expanded from their small beginning in 4 
‘the twenties to their present big business status, it has become apparent to 
the operators and engineers that large Gemater pipelines have a character-_ 
istic efficiency for the flow of natural gas. _ This efficiency combines the ef- 
: ~~ of internal roughness of the steel pipe, the bends and fittings in the line 
and the accumulation of lubricating oil and other material on the walls of the 


; _ Pipelines which have been in service for some years present somewhat of 
a different problem. Although natural gas is transmitted in what is considered <j 
a dehydrated state, there are still minute droplets of water and distillate en- — 
trained in the flowing gas stream. Over a period of time the internal walls a _ 
_ of the pipe are coated with these entrained liquids. . Surplus liquids drain to *4 re 
low points of the line and collect for additional restriction to flow. Carry- 
over of compressor station lubricating oils is another cause of — 
It is, therefore, the responsibility of the operating section of the transmission 
to n maintain transmission in a state of cleanliness 


> 


. Sup, , Pipeline Section, Panhandle Eastern Pipeline Co Co., Kansas eas City, M Mo. 
Engr., Pipeline Eastern Co., Kansas City, 
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sit is common practice to thoroughly clean newly constructed pipelines 
attain the highest possible efficiencies. Under these conditions it is not unusu- 
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that the dissipation of compression energy is ‘kept toa minimum. The ef- 
ficiency of the line is checked periodically and the trend of the decreasing ae = 
 ficiencies noted to determine when the line should be cleaned to bring it it back — 
to its design or initial efficiency. _ ‘The necessity for this is purely | economic. 
FF or each 5% decrease in flow efficiency below the design efficiency ap- ‘a 
‘proximately 13% of the original line would require looping ino order to restore — 
the original capacity. Translated into dollars and cents, this meansthat for 
an existing 30" pipeline 100 miles long, 5% reduction in flow efficiency would t 
require 13 miles of 30" loop, costing in the neighborhood of $1,100, 000 to 
_ permit the original volume of gas to flow under the original pressure con- : 
ditions, Compare this capital expenditure requirement directly to the estimat- 
Bey $20, 000, which would be required to clean | the original 1 line and restore it | . 
its original capacity, and the importance of flow. efficiency is boldly ap- 
‘The operator’ s problem has been how to accurately measure the flow ef- _ 
ficiency of an existing line. Over-all flow efficiency, E, is defined as the 
# ratio of the actual measured throughput for any one section of pipeline to the 
theoretical throughput of the ee under the same flowing conditions — 
_ There are several formulas. being used today by the industry which define 
the theoretical flow conditions in the pipeline. Notable among these are the | 
| Weymouth Formula, Panhandle “A” and the Modified Panhandle Formula. — 
"There is also at present under development a new AGA Formula which will | p 
3 _ probably soon be presented to the gas industry. It is not the writers’ ?> purpose 
- discuss the merits of one particular formula over another. So long as an 


operating company consistently uses one formula for design purpose and for ] 
_ determination of theoretical capacities, a valid basis is established for com- — 
parison to the actual ‘measured throughput o: of same system. . It is this 


within a test section. . Panhandle Eastern Pipe Line Company has ‘experiment-— : 
ed with all three basic types of measurement. The most obvious method - 
would, of course, be the use of orifice meters in the flowing gas stream. 2 
n + Orifice meters are used when they are in the section to be tested; however, — ? / 
normally an orifice meter section is not found in the line to be tested and it ~~ 
is necessary to use some other means to determine the actual rate of flow in 
_* Early in the 1940’s Panhandle experimented with the use of portable pitot pe 
= which would | be inserted i in the main line. These pitot t tube ‘settings gave rs 
an answer but not one which could be readily 1 reproduced, so the use of these _, 
_ Late in the 1940’s Panhandle began investigating the possibility of measur- 
sing the actual rate of flow by timing the travel of an injected substance be- 
_ tween two points. First attempts, using an odorant, were comically un- _ 
successful, Field hands assigned to each gate setting were to sniff the gas 
bled off through a blow- off and call in as soon as the odorant was detected. _ 
- Naturally, the men should have detected the odorant in succession as the gas — 
= downstream. Such was not the case. After a period of anxious waiting, 
2 fifth downstream station reported a “Sniff” detection. Almost immediately, — 
all from beginning | to end of the section reported likewise. # 
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TESTING 
Undaunted, the injection of anhydrous ammonia and detection by y chemical 


indication was inaugurated with encouraging results. Since then, the tech-_ 
- niques and procedures for the ammonia displacement method have been re- 
- fined to the point that Panhandle now uses the method exclusively and feels 
that a high degree of accuracy is attained. 
_ There have been numerous articles published on the ammonia ‘displacement — 
ou of measuring pipeline flow efficiency. The most recent article ap- 
ne in the Oil and Gas Journal in three parts during the last quarter of a 
1957. The article, “Pipeline Flow Efficiency Testing”, was written by R. F. 
Bukacek and R. tr Ellington, of the Institute of Gas Technology. - This article | 
_ is the result of the work done by AGA project NI NB-13. >a seals - 
a Panhandle Eastern executes its flow tests in a manner quite similar to that 


| - A discussion of the operational phases of flow testing with emphasis © on 


‘The object of a flow | test is the collection of certain necessary data under — 

: j | controlled conditions. The data collected must be sufficient to solve for the - 
_ theoretical throughput of a given section and the actual throughput of the same 7 


The information which must be accurately gathered is: a _ 


Commercial 


2 hp - hy = Elevation change 


o 


Ta Flowing gas temperature, : 


9. Z = Compressibility +0. 
Items 1, 2 and 3 are fixed physical characteristics of the section being 
The « data for items 4 through 10 must, therefore, be measured in the field 
_ By use of the applicable data in the adopted flow formula, the theoretical ye ) sas 
A throughput is readily determined. By applying the same flowing conditions 
_ ens physical characteristics of the section, the corrected volume of gas in the 
7 a section may be determined. This volume, factored by the time that it tases a _ 
a slug of ammonia to travel between the sections produces the rate 
‘There are several important considerations be made in selecting the 
‘acl section of the pipeline which will constitute the field set-up. Since all flow = 
a | formulas are based on stable flowing conditions, it is mandatory that the test Oe 


q 

t- 
2 — 

| 

1 

—— — 


- section be selected to provide the physical conditions most conducive to — 


steady state flow. It is indeed difficult, even under ideal operations, to oa 
= a stable flow pattern in any given point for a long period of time. —_ 7 
vin the writers’ opinion, is probably the most common source of error. 


mum. ‘The “following precautions ‘must be taken into account: 


The section selected must be long enough to prevent human error in 
pressures from becoming a a major factor. A 
error of 1/10 of a psi in the pressure drop, which would occur, for 


ever, if the 1/10 psi error was applied to the pressure drop ina . 
_ section 10 miles in length, the magnitude of the error becomes ac- i 
ceptably : small. An unrestricted section between five and and fifteen miles 
sin length gives reasonable accuracy. 
2. There should be no orifice plates or valves in the line between the — sh 
points « of the test ‘section, 
There should be no major pipe junctions near the point where pressure 
Pu elevation change between the points must be readily determinable. 
8 There should be no ‘‘ioeion sections, such as river crossings, be- _— 
__tweentheend points, 
‘The pipe should be cleared of drip fluids, etc. 
2 test section should be far enough away from. compressor sans 
7 st 8. The section should be sufficiently downstream from compressor | 
ir stations to avoid the extreme temperature changes found in the flowing 


gas stream immediately adjacent to the station discharge. 


instance, in 1,000 feet of pipe, would be of serious proportions. How- — a4 


Main line taps which supply en areas eaininn to short duration 
10. . The end points of the test aectien should be reasonably accessible an and 
a should provide suitable appurtenances for - installation of injection 


and detection equipment and dead | weights, 


if all these conditions can be met and the ‘and com- 

= _ pressor stations are able to maintain constant discharge and suction = 
pressures on the line for several hours preceding the test, then stable flow in 


the test section is closely approached. 


required to inject and detect the ammonia can 1 be easily 


tank, ‘connecting ammonia bottle and insert staff plus standard ‘steel 
a The operation of the injection system is quite simple. The ammonia bottle — 
is 3 loaded with three to five pounds of anhydrous ammonia and placed atop the _ 
riser staff. The high pressure tank is pressured with gas from the line. __ 
a ‘Water is pumped i into the tan’. to increase the gas pressure in the tank i 
- proximately 200 pounds above the line pressure, The same thing can, of 
course, be accomplished with a cylinder of nitrogen or any other inert gas. “ao ‘oi 
tt is convenient to attach a pressure gauge to the tank so that the pressure ‘a 
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a bottle through high pressure hose or tubing. All valves between the pressure _ 
7 _ tank and the gas stream are then opened except the one gate valve immediate- 2 4 
— ly downstream of the ammonia bottle. The ammonia slug is then ready to be ‘a 


injected into final step consists of opening the last 
valve and simultaneously starting a stop watch | to record the travel reas ofa 
an The equipment required for detection is much more simple. It consists of te 
a quarter inch, extra heavy pipe staff, a section of quarter inch pipe fitted 
a with a a tee and | gate valve leading to ) atmosphere, ; and a needle valve leading oan 
_ from the branch of the “T” to two rubber hoses. Gas is, therefore, directed — 
en the pipeline, through the staff, to test tubes containing the reagent. = 
it is quite convenient to fabricate ; a small hand carried stand to hold the 
test tubes and chemical agents required for the detection of the ammonia slug. © 
+The case can be mounted on or adjacent to the riser for ease of handling oS 
Operation of the detection equipment is likewise quite ‘simple. After as- 
aaa the apparatus, each test tube is filled with approximately 30 cc of 
= water to which is added one or two drops of 1% phenolphthalein so- 
lution, The test reagent is a clear, colorless liquid in its uncontaminated | 7 
_ ‘State. _ In order to insure sufficient flow of main line g: gas to the test reagent, 
all valves in the vertical portion of the Goneten staff are opened —- A: 


The needle valve is adjusted so that the gas bubbles vigorously through the ey ~ 
q reagent. The arrival of the ammonia charge is is indicated by a pink coloration 
of the phenophthalein n solution. - The instant the indicator turns pink, the stop i 
watch at the detection point is stopped. _ The time which has elapsed nein 
-ammonia injection and ammonia defection is, therefore, known. The watch 
_ which was started at the time of injection may be transported to the oll 
: end and stopped at the time of detection or the time of injection may be trans- _ 
4 ferred to another watch at the detection point. 
4a Main line pressures are recorded at four locations on the section between © 
- compressor stations: the discharge fire gate of the upstream station, the in- | 
jection point, the detection point and the suction fire gate of the downstream ~ 
station. Calibrated dead weight gauges are used to measure the 5 pressure at 
each location. The readings and recordings of pressure is commenced one to 
two hours before the injection of ammonia and continues at five to. ten minute 
intervals throughout the test. Th 
of ammonia indicates the stability of the flow in the section to be tested. | if 
- the pressures are constant at each location, it is reasonable to assume that ai 
the flow of gas in the entire section is stable. oy 
- It is the usual practice of compressor engine operators 's to control the dis- 7 
charge pressure at the upstream station and the suction pressure at the — 
_ stream station by monitoring a dead weight gauge set up in the engine room. a 
In this way, small changes in discharge pressure are immediately discovered — 
can be corrected without inducing large pressure in 


mission pipeline. anaes is a negligible difference between the flowing gas 
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‘oe _ ™" section must be known to compute the mean temperature of the flowing gas. _ &g a 
Panhandle has installed temperature wells at each main line gate setting for a 
| this purpose. Prior to tests, thermometers are inserted in each well. The 
ns _ thermometers are picked up on the day of the flow test and the temperature —_ _ 
each location is reco st. (The temperatures 


temperature on on the inside wall of the the temperature ire measured 
-. The gravity of the flowing gas must be accurately measured either — the the = 4 
use of portable gravitometers or at a fixed gravitometer station. 4 
_ Supercompressibility of the gas should be determined through direct oo. 
measurements with one of the several good pieces of of apparatus for or tat 


od Successful flow testing is dependent upon detailed planning, proper coodi- 


‘nation and complete cooperation of the several operating section of the pipe- 
line company and, of course, all of the personnel involved. 
Dispatching personnel must be fully cognizant of the requirements and 
_ portance of the test. They must be given sufficient notice before the test is _ 
7 to be conducted in order that they : may stabilize their load pattern throughout bs 
the system so that the attainment of state flow will be aseasyas 
by Compressor station personnel must also be fully aware of the purpose and 
_ requirements of flow test. _ The test to them means constant close control of _ 
P the compressor engines. - They must operate their engines to control dis- id 
charge and suction pressure as closely as possible. _ Holding these close tole- 
3 rances keeps them busy for the six to eight hour period required to attain the > 
_ If flow tests are to be conducted in or near the gathering system, well 
am eee must be closely coordinated to insure that wells are not turned off — 
oronduringthe course ofthetest, 
‘Panhandle Eastern normally schedules flow tests for the three middle days _ 
of the week, Tuesday, Wednesday and Thursday, and plans the schedule so. 
that the first ammonia injection will occur at or just after 9:00 in the morning. 


end sales and build- -ups which late Sunday and Monday to supply the 


order that the heavy winter market demands and capabilities may b be 


accurately forecast, we conduct a series of flow tests in the fall of the ye year. 
Thus, up-to-date efficiencies are available to dispatching and other 


= during the peak load ‘period, r There are disadvantages to to ‘this par- Pie 


There are many sources of error in making any flow test. si 
tol 


Incorrect time e being communicated ahead. ane pore 
No correction made for changes in elevation. 
No dead weight correction made. fie 
6. Incorrect length of line used in calculating ia run. 
i is not uncommon for someone to forget to add the five pounds for the ce . 
oe weight of the table onto their | dead weight reading | or not add the weightson 
3 the table correctly. An error of one minute is often made in comayenienting 
a ' the time ahead of the geen point. — Elevation corrections a are quite 
_ Line stability is, of course, one ane the most important points if results are 
“to be consistent. All de dead weights do not read the same an should 
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TESTING 


be made to a standard dead weight tester. * Dead weights c can differ as much | 


as a pound and a half at full scale. It is, of course, not too difficult t to make 
i this correction. _ You just have to make a calibration of each of your dead EP 

weights and compare it with some standard. Relative readings are the im- ; 
portant thing and not individual readings. . You can be a half a pound off, as 
: _ long as all of the readings are a half a pound off and it won’t make a great 
- deal of difference, just so 7 are compared with one d dead weight and it is 
_ One of the best ways to ) eliminate the errors, , or some of the errors, is: 
3 running two slugs of ammonia, _ This does two things, it tends to eliminate 


thirty minutes later run a second slug and see if you get the same answer. % 


4 
- B ae flow is stable, you will certainly get very close to the same answer. 
—_ ‘The u use e of the correct length of line in 1 the test section i is “ai apparent. 
— 


Design n of future facilities 


‘Flow study 
4. Determining if the line to be cleaned 


_present 
_ Consideration should also be given to pressure drops in yard tig Lo 


fas Elevation corrections are, however, important if you are anemia in de- 

- termining if a line should be cleaned. It is our practice to determine the ef- 

ficiency | of the entire line between two compressor stations and compare the — 

low efficiency is due to the entire line or one or two sections. © an a 


With this method it is relative results that are important. so that if y you Me 
make the same error each time, the relative results will not be effected. Wee 


look at the trend of efficiencies from year to year and not so much at one 


The ammonia displacement method is economical and adaptable to most © 
ipeline systems. _ It permits a high degree of accuracy under field conditions. 


It is the opinion of the writer that it is the best method yet developed. | 


q 
. § _ elevation corrections. For these purposes a dispatcher or engineer is inter- a” 
+3 
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Proceedings of the American Society of Civil Engineers 


PIPELINE CONSTRUCTION IN THE PAST, PRESENT AND FUTURE* 


Discussion of improvements in the art - pipe line construction of flarge : 


same due to rapid developments in 1 methods and poner for | this 3 most « ef ne 
ficient form of energy t Future developments are briefly out- 


as broad as implied by the title of this | paper oilers certain 
ima of presentation to a group vitally concerned with the technical 
-_ principals 3 involved in such | changes. A discussion that attempted to examine 
fa detail, even a few of the problems, and the technical work leading to their 
- solution would be almost endless. In this discussion the “Technical-Why” of 
7 _ changes has been avoided. The aim has been to review many of the changes _ 
as seen through the eyes « of one who has been active in the industry ape : 
this period, and to present a picture of the overall accomplishment; giving _ 
_ perhaps some hint of the need and id opportunity for the ee work 
It ig amazing how early in civilization the efficacy of the pipe line ws 
recognized and utilized. The Chinese are believed to have piped water 
through bamboo lines about 5000 B. and by 900 B. C. they were 
natural gas to brine evaporators. By about 200 B. C., Rome had a water sys- 
tem that handled 332 million gallons of water per day, in which most of the Mies = 
small diameter pipe was of lead. Bronze piping with silver faucets were > _ - 
_ found in the ruins of the famed baths at Caracalla. From the standpoint of wy 
= size and of engineering design, this piping system was not excelled for about it 
— 2000 ae While all of us deplore war, it is a fact that a great — 


Note: "Yibsaacine open until June 1, 1959. To extend the closing date one month, a 
written request must be filed with the Executive Secretary, ASCE. Paper 1906 is 

of the copyrighted Journal of the Pipeline Division , Proceedings of the 

— Society of Civil Engineers, Vol. 85, No. PL 1, , January, 18 1959. im 
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‘of our r technical developments have come as fringe benefits of man’s “lal 
4 to exterminate other men. For instance, early day iron pipe was a modifica-_ 
a tion of the crude gun barrels of the time. The joints of pipe laid in the first _ 
_ underground system of iron pipe constructed in Paris in 1685 bore a marked 
_ Fesemiiane to gun barrels. The joints were one meter long and coupled by 
flanges. Part of this system is stillinusetoday! | 
‘The importance of the numerous pipe lines carrying water and other prod-— - 
- is fully appreciated, but, as discussed here, pipe lines are limited to oil 
and gas pipe lines forming the vast underground network that interlaces the - 
rar 1959 will mark the 100th anniversary of the birth of the oil and gas indus-— 
try in America, and this coincides closely with the birth of oil and gas pipe-_ 
_ lining. In 1862 the world’s first crude line using centrifugal pumps was con- i 
wo structed in the booming oil fields of Pennsylvania by J. L. Hutchings, inventor - 
_ of the rotary pump. He built the line of 2-inch cast iron pipe with leaded Co 
: A sealed joints. Ih 1879 “The Big Benson Pipeline” Was ( constructed over the 
a Alleghenies from Bradford to Williamsport, Pennsylvania. This line was six 
ar inches (6'') in diameter and 125 miles long. The pipe was cast iron screw 
_ pipe. In 1887 this line was extended across the Ox-Bow Range to New York - 
5 and aside from crossing ‘mountains, Benson laid 21 ,000 feet of line in New ag 
The discovery of oil in the southwest early in this century put 
“a high gear, and ‘many of the high speed, cross- -country, construction — 
d methods used today can be traced back to this time when the only mobile i) 
_ pieces of equipment on jobs were horse- -drawn. In 1911 welding made its ap- 
pearance and in 1924 the first long distance, all-welded natural gas pipe line 5 
was constructed by Magnolia Gas Co., of Dallas. It was 14, 16, and 18 inches _ 


in diameter - ran n 214 miles from Webster Parish, ‘Louisiana to Beaumont, 


Vy 


impetus that Brasher: will carry on for years to come. Large gas a : 
_ were discovered in the southwest, and this, coupled with the heavy increase in 
‘demands for crude, created a situation which brought fruition to the dreams 
and ingenious schemes of the pipeliner. Large diameter, long « distance _— 
- became a necessity! But up until this time pipe lines had been designed by 
~ the hip pocket method. This held true from design through construction to © 
operation. Where companies lacked precedent and criteria for design, they 
simply developed individual formula and principles. Many were based on 
‘sufficient information and concluded from erroneous logic. However, constant — i 
_ trial and error evolved satisfactory practices — even though a statement of | a q 
the principles on which they were based continued to be vague. Many of our 7 
construction practices — both good and bad — retained their acceptance be- 
—* of the prejudices of those in authority, rather than because of any asa 
During the past 30 years a myriad of improvements have come to pipe line 
: _ construction - from the field, from engineering departments and from manu- = 
ig aye: of equipment. Virtually all of these improvements had their a 
in the competition which is an outgrowth of our system of free enterprise. 16] 
_ Pipe line engineers have constantly worked to improve design and tech- — 
‘niques to obtain pipe lines ‘of highest quality and insure service | to the 
tomers of their Company; ‘manufacturers have improved con- 
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PIPELINE CONSTRUCTION 
wee ways of constructing lines at lower prices to their clients - the com- 


bined efforts of all producing results that make pipe lines competitive with 
forms of energy transportation, 
: So long as pipe lines were of comparatively short length and small diame- : 
: a the construction man was able to fit make-shift construction methods to _ 
“his needs. The advent of longer lines and larger diameters presented new 
problems and a new challenge. The enormous investments required by the — 
- longer, larger lines required speed and more speed. | The slow | and tedious s" 
-manual methods used in the past were no longer adequate. The answer was 
: - equipment; equipment capable of handling the great weights of f pipe involved; — 
equipment capable of covering vaster distances at high speed. Manufacturers 
saan to the call of the times and through the ensuing years, have never or 
ceased improving equipment. Every year mobile pieces of equipment lave 
improved in efficiency at a rate of about 2% per a lie aly 
With the development of equipment and of pipe lines, there arose 
new breed of construction man - “the pipeliner.” Gypsy, romanticist, 
_ worker, he embraced the rigors of pipe line construction as his heritage. Jj 
4 Following the call of the various projects from the plains of Texas to the a eke as 
_ snow bound fields of Minnesota; east from the Atlantic and west to the Pacific 
q ‘sometimes a a reticent, often voluble; sometimes brawling and eeeeanm, =i 


_ Problems of Michigan’ s frozen soil was solved by the man who sisaliediialy — 
faced the swamps and heat of Louisiana, and so evolved the practice and : 
methods of procedure of pipe line construction technology. In the communi- 
- ties traversed by the early pipe line, the status of the “pipeliner” was in a — 
shadowland between grudging acceptance and outright ostracism. The local 

; _ citizens viewed his rowdy antics and doubtful integrity with | great distrust, a 

’ very often with good cause. Probably the greatest changes in pipe line con- oe 

| struction has been in the attitude of the pipeliner and his acceptance by the — 


community as a citizen of stature. The rowdy is now the exception rather 
than the rule. Instead we find the pipeliner generally to be a man of ather a 
_ Often carrying his family from job to job in trailor houses that provide all the 
modern conveniences of home; no longer an illiterate rough neck, but a man a 
of education, probably a graduate from one of the better colleges, an owner of © 
property fully aware of his obligations, and with pride in his work. Nes Yilet Mee 
The methods and equipment for pipe line construction developed so = 
“that it is difficult to know whether development of equipment followed demand 
or whether demand followed availability of equipment and methods. In any 
= event both increased rapidly. Enormous earth moving equipment cleared a 
2 graded right-of-way through impassable terrain making possible movement of 
_ larger equipment and laying of larger pipe. Design standards of the pipe line , 


: engineer changed even more rapidly than improvement in construction tech- 
_. nique by the pipeliner. Comprehensive codes covering design and construc- 


tion have been evolved by the Engineering Societies and by the Industry As- 
4S sociations, yet each element of construction has progressed through its own 
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construction followed quickly, and the only certainties so far as the route was a 
were the origin and the terminus. Instances where the line 
changed during the actual construction were of common occurence. 7 
_ Line locations were marked by the simple expedient of lining up dation 
cut from | trees and brush on the right-of-way. . Reference measurements, ‘if: 
any, 1 were confined to ea: easily observed land marks, such as trees, fences, a 4 
_ house, etc. Little effort was made to locate and identify the aay boundaries ; 


“acai advancing growth | of the country and proximity of lines to o larger | cen- 


lines and reference monuments are determined with ; accuracy ‘com- 
foreign to practices of thirty years ago. 
Coincidently, the first recorded pipe line aerial ¢ survey was made 30 years — x 
ago. It was used to route a line from the Yates Field in West Texas to Port 
Arthur, Texas. | ‘This was the crude beginning of a technique that has de- a 
4 veloped — — thanks primarily to our military efforts — to the point that engi- 
‘neers can, with positive assurance, choose the best route over a terrain a 
, aerial photographs viewed through stereoscopic viewers and plotting the route 
on maps that have been corrected through aerial surveys. Map drafting has 
been simplified by plotting the route on aerial photographs reproduced in 


_ blueprint form. One of the benefits of this method is that it shows access ~ 


on a population count of the land o on n either side of the ‘right- ire Aerial 
supplies the natural answer to this complex task. 


—_ of route selection likely: will continue along the lines of those used 


that related to early moving — which will undoubtedly come in the future, will a 
7 -mean that difficult terrain will result in less evasive action on the part of the 
pipe line. There will be less wiggling through 1 ‘mountains and river crossings 

_ will simply be laid deep enough to avoid any possible undercutting. Inthe ~~ 
the line between two points will become > straighter! 


AS the first long lines to spread over the country the land- 
= offered little opposition to easements across their land. In the more — a 
sparsely settled areas the arrival of the pipe line was welcomed, offering as 
it did a relief to the tedium of the still semi-pioneer life of some. The right-— 
of-way easement was often acquired by the construction crew as it progressed 
with the line. Right-of-way fees and damage claims were comparatively 
vith the rapid of the pipe line network, and the 
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quired. Line location and surveys now involve aerial reconnaissance, aerial 

J 

— 

— 

Pa > 

— 

— 7 7 

» r 

re 


PIPELINE 


versed. 
= 

of isa and costly operation. 
having major bearing on the successful prosecution of the pipe line alee. a 7 


Opposition of competing forms of fuel have led to organized resistance by 7 


_ large percentage of the landowners. Federal, State and Municipal codes, as 
well as codes imposed by the industry itself affecting the right-of-way, lead 


to complex questions which were not present in the early days. Legal rules _ 


governing condemnation proceedings in many | states interpose the necessity 


for a a interval of time between right -of- -way acquisition and actual con-— 


7 - Pipe line companies and contractors in 1 recent ye: years ; have exerted greater 
eliorts to improve the lands crossed by pipe lines. Fertilizer is added to the 
a top soil of the right-of-way, terraces are built where needed to prevent ero- 


4 


d ing anew pipe lil line. 


sion, gates and fences are restored to better than ¢ original amas with the | 


-Of- -Way “Chast ing and Grading 


4 


In the early days of pipe line evolution, the preparation of the right a 
was largely concerned with the removal of trees, boulders, , and other | ‘obsta- 
cles, that would impede or actually halt construction. _ Even the minor ups ~ 
downs of terrain were reflected in the finished line, lowering its efficiency and 
_ structural strength. The introduction of the Bulldozer (which was actually a 
a pipeliner’s invention to expedite backfilling of ditch) solved the problem of 
& rapid clearing and grading of right- ~of- -way, called for by the tempo of con- Bi 
struction on long distance pipe lines. ‘The powerful bulldozers of today can 
handle tremendous amounts of dirt at speeds up to eight miles per hour, and ED, 
can uproot huge trees as they carve out the right-of-way. 
“s _ Figure 1 - Shows the | immense amount of dirt moved in preparing right-of-— 
They also create a problem of landowner relationship. The elevation pro- _ 
file of a completed right- -of - “way now compares favorably with a evr 


with: the landowner, can antagonism be minimized. ee 
is to be expected that great emphasis on will be 
and that clean-up and land restoration practices will improve. j 
Mechanical mastication by machines that pulverize and neutralize all vegeta- ed 
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Methods of hauling pipe closely paralleled those of loggers and rig handlers a 
_ operating in the areas where the lines were first built. Pipe was usually of mh, =_ \ 
gmail diameter and the ee of the metal did not call for extreme care Y 


J _ With the advent of the long lines in the late twenties, more efficient 1 dies ay 
4g of stringing was called for. 
pipe was laborously loaded by hand, ‘little. regard was given to its care in aa 


— 


handling during shipment and unloading. 
er 


‘The stringing operation is now a highly specialized one, al 
served by firms who operate fleets of large high speed trucks and heavy ye 
handling equipment, designed especially for pipe line work. Properties of -— 
“di pipe used in today’s construction, coupled with the high operating pressures, 
_ require great care in handling.  Gouges, dents, abrasions of the surface, con- | 
sidered unimportant thirty years ago, are of great concern today as sources 


of — line failures. Pipe is 3 carefully guarded from the mill | to the ditch. 


Figure 1. Right-of-way grading through hilly .- 
| 


It is loaded on n rail cars or trucks by handling mediiners equipped with de 


support the pipe during its journey toward the ‘ies are designed to give proper 
_ support and prevent scratches on the pipe surfaces. The pipe is inspected as N 
itis unloaded onto pti trucks and again after it has been been a on > 


AS new steels are developed, pipe will be handled with eve even n greater care 


Ditching 


Yesterday 


—_ the early days of pipelining, the ditch was conebdaned 2 a necessary evil. 
‘The problems it offered were minor because mainly the pipe was laid on top 
of the | ground and was buried only where it crossed roads and similar places. — 
By 1928 extensive ditching requirements were becoming more common, how- 9 - 
ever, the objective of the ditch for the most part was to protect the line from — 
vandalism rather than for specific benefit of design and operation. Increased > 

in products handled, and of agricultural 


struction and farming equipment. 
At first Gitching was a a manual operation, accomplished by eading 


believable of ditch were dug in this manner, mechanization was in- 
evitable. . The laborer’ pick and shovel was replaced by the digging wheel, 


and the jack drill and d sledge by air drills. 


we iss 


of the past, ditch for larger diameter pipe create problems 

_ stress and strain imposed on the pipe by increased back-fill load, restraint, . 

and bedding. Mammoth high-horse-power ditching machines make ditching 

across difficult terrain a high speed operation. | 

_ Figure 2 - Shows a large modern ditcher, operating in rocky soil 

‘The handling of surface and sub-surface rock presents a more difficult 
problem, but with the efficiency of modern-day rock-drilling equipment and 

explosives, ditch is made through granite, malipi and other hard igneous 
mations at unbelievable speed. The actual technicues currently employed in 


ditching through rock will vary with the kind of rock, the terrain, the weather, = sg 
the depth, the length | of line, etc. _ Techniques used vary as the number ofcon- — . 
tractors operating in the same areas 
‘Figure 3 - Shows operations ons in for binsting ditch 
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3 penses in rock ditching. _ Flame drilling is a present possibility, and seta a 

time to time we hear of sonic drills which probably will make short shrift of 

4 some of our ditching today. A portable rock crusher of high efficiency will oi 
undoubtedly make its appearance soon to simplify the task of disposing of of the i 


s bending problems were solved on an individu-_ 

a basia. In some cases no bends were made at all. Flexure of the pipe was ‘% 

used to navigate changes in directions or to follow the contours of the surface. 


a vise to meet the situation. Smaller diameter pipe of soft steel could be “cold fa 
a sprung” by suspending i it between points and having as many men as could be — 

accommodated on the section jump up and down until a “set” of desired mag- 

_ nitude was achieved. This method of bending left a large margin or error, 7: 


lack of fit was Compensated by digging th the deeper, wider or filling it in 


‘ 

— 
| 

omar 

4 

— 


Figure ‘Drilling Blast holes for ditch for 26- inch 5 pipe. 
af “*stomp” method of pending and resort was made | to various other means. " 

: Joint couplings allowed a certain amount of flexure so that long sweeping , 

_ curves equivalent to pipe flexure could be achieved. * First efforts to solve 
the problem of field bending of large diameter pipe resulted in “wrinkle a 
bends.” This was a deformity of the pipe wall on the inside of the carve. 
Wrinkle bends were of radius small enough to serve requirements, but the be 


tion. ‘These machines first introduced about 1943 are now manufactured in a 
all sizes up to 36!! and can “cold smooth bend pipe” in the field to a radius up 
to 1° - deflection for each pipe diameter. The bends are f free 


- There is little criticism about today’s bending machine and methods, 
as pipe specifications are changed, the u of the pipe it 
be equal to Presented. 
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It was ‘only natural ‘that P 


Te The Welding Engineer of April 1928, 30 years ago, considered it highly news- 
t worthy to report a 45-mile high pressure pipe line that was welded entirely — 

_ with electric arc welds. This line was constructed by the Big Three Welding ~ 

_ Equipment Co., of Houston. The welds produced by the bare electrodes of a 

this day left so much to be desired that welding with bare rods was restricted 
tos “roll” ’ welding, with tie -in welds made by oxygen-acetylene welds. The — al 
= rod with reversed polarity made its appearance in 1930, and was rapid-— 


lines has come to mean electric arc welding. _ a 


Many ingenious attempts have made to weld pipe joints automatically 
in the field, pressure welding, submerged arc, and numerous others. Some _ 
= has been achieved by adopting the submerged arc process to double 

jointing operations, | but, welding continues mainly a manual operation. en _ 

_ Because welding depends much on the personal art of the operator, exten- 
= inspection procedures have developed in the industry. In the early days 

inspection consisted of being sure that a certain amount of rod was deposited “_ 

‘Figure 4 - Shows welder making “downhill” weld on 
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- Inspection cochatenes have progressed with the welding arts, so that today 
the field weld on a pipe line is ‘Subject to quality controls equal to many high + 
: precision plant operations. 3. Spacing, alignment, arc heat and length, rate of i 
rod deposit, as well as weather conditions are all items of concern to the a 
contractor or and engineer. | X-Ray, Ultra- Sonic, Magnaflux, and dye penetration 
are all now used in field control, so that field welds are consistently stronger 


Tomorrow 
ae New rods of great promise are being developed and greater knowledge of 
_ metallurgy is providing answers to past difficulties. . Weldable steels w with : 
tensile strengths ranging well over 100,000 psi have been developed, and when | 
“economic factors are right this new pipe will find its way into our pipe lines. 
- .. Automatic processes adaptable to field welding of pipe lines are a desira- 
ble development. record of the American Engineer that he’ 
eventually s solve this problem. 


Coating and Wrapping 


‘The first pipe lines were laid bare but it was early ‘observed that different : 

: soil conditions created serious corrosion effects on pipe so that some method 

of protection was indicated. . Various materials were tried but the choice was 
soon narrowed to asphalt and coal tar base products. At first the material e q 
was heated in pots over wood or oil fires and ladled into buckets for manual — 
application to the pipe. _As speed of pipe line construction increased, it was | 
necessary to make the coating operation more mobile and efficient. Heating © 
pots were placed on wheels with oil burners to furnish heat, pipe was rolled — 
in sections on | dollies and hot material poured on by hand. “Such methods left : 
“holidays” or discontinuity in the surface so that extensive patches of repairs — 
to the original coating was In 1938 e combination 


aveling the p pipe can clean the metal of the 
a pipe, apply primer, draw the hot ‘material from automatically heated and agi- 
3 tated pots traveling along the right-of-way for application directly to the pipe, 
and finally wrap the coated pipe with reinforcements of glass fibers, felt, or a 
= 6 and oe Shows the contrast between early and modern equipment. 

_ With such methods and coatings are of high quality with a discontinuity = 
‘holiday? being the exception rather than the rule. Tests applied with —_— 
tronic devices called “jeeps” reveal any defects in the | coating so that they can 

be repaired before pipe is put in the ditch. 

aa While by far the larger portion of pipe is coated with asphalt or coal tar — 
base materials, plastic materials have been tried, tested and accepted for use ony 
some pipe lines. Coatings of asphalt and inert aggregates applied in thick 
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rs research laboratories are hard at work on ‘onnaes a coating tha i 
_ will reduce the cost of pipe line protection. Aside from the dry plastic coat- 
ings, there are several spray-on coatings that require no complex —— : 
- for application to the pipe or for subsequent protection of the pipe. x This — 
a. material, and material like it, is still in the development stage, but when it 
= - comes it will greatly simplify pipe line construction, because as matters 
stand today, even minor disturbances can shut down the coating operation, 
adding to the cost of the project. . There; is talk of pipe clad with corrosion 
_ resistant metals. Rubber, and other plastic materials have been suc- 
eing glass coated with bonds of ~ 


~ 


Yesterday 4 


aa As the tempo of pipe line construction increased over the peste change in 
> lowering procedures has been rapid. Early procedures for lowering pipe was — 
_ based on the use of “mope poles” to provide leverage to move the pipe over am 
a ditch: and to lower it. Steel tripods, equipped with hand winches, , displaced ae ae 
the mope pole on most jobs and this development was followed by the sideboom 
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Figure 6. Shows early day coating operatic ited with 
modern equipment on same operati 


nuary, 1959 


an The sideboom tractor thas become the symbol of the | pipe line spr spread and is 
_ the standard method of lowering-in pipe. Be It remains essentially the same 
plece of equipment as originally conceived. Refinements in control, speed, 


size and weight have given it a high degree of utility. Sidebooms travel along — 
the right- ~of- ei up completed sections of pipe and move it over into the 


actually viewing some of the robots which Sunday | supplements ‘tell us will in- 


fluence our lives in the future, 


tion in cold ‘weather. How much slack ¥ was and the method of 
handling slack, provided one of the unending controversies of pipe line con- 
ion. Through the the ‘years, less and d less slack has been required, and to- 


- continues to advance, all operations may one day take place | over the ditch. a 

There has been at least one attempt to develop a portable machine 
that could Pipe over the ditch. Who 


‘Yesterday 
In the lace twenties and early 30’ s, clean-up of the right-of- -way consisted 
Lecgnky of getting the backfill material back in and over the ditch. Little aa 
= _ Rougnt was given to dressing or cleaning the right-of-way; spoil was heaped 
a _ over the pipe and often interfered with natural or previous drainage. Little 
done to , which often | came when water followed the con-— 


Un Under present day requirements, clean-up of pedi becomes a 
highly important factor in the pipe line constructor’s operations. © ‘First; all 
7 debris, ‘brush and timber is disposed of to prevent scouring of the soil or _ 

~ causing conditions contributing to rapid erosion. Loose dirt graded from the 

right-of-way is generally restored in a manner to prevent or delay erosion of 


the loose soil. Terraces are to divert heavy run-off 


stabilize ‘the surface of the right-of-way of course contributes to ame 
- damage to the land, and thus —s in some degree the damage incurred by 


luuae Perhaps the most important aspect of clean-up in recent years has been ; 
a the improvement in community y relations between pipeliners and landowners. 
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fact, friendship do more to a right-« -of- -way look more 


individual for 30 years, there may be a tendency to view the more important _ 
accomplishments as commonplace and obvious, while giving undue weight all 
4 less important elements that have had a strong personal impact. _ t.. oS 
_ A review of the development over the years serves to illuminate an im-_ 
portant point, that is, regardless of the rate of development there is always f 
room for greater improvement. So long as pipe lines continue to provide the F 
yap most efficient means of moving their contents to market, and so long as the — 
- market continues to expand, pipe line construction will continue at a propor- 
— tionate rate, but when other means of transportation of energy become more 
efficient, pipe line construction will wane. _ The pipe line engineer’s problem > 
and aw is to strive — for or improvement of materials and methods, and 
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to oppose inefficient practices annie th aheities or unwarranted restrictive 


ie, Througlk. combined efforts of the design engineers and construction men, 
é the unit costs of pipe line construction work remain at, or very close to, 
prices of 20 years ago. Despite inflation, increased cost of labor, equipment 
— and materials, pipe line construction cost represents one of the comparative _ 
bargains of the economy. Part of the explanation of this is the increased ef- 
_ ficiency of the pipe line spread. From a makeshift mule-team operation it 9 q 
{ ‘has progressed to a compact, , mobile unit, so well organized it rivals in mo- 
: bility and efficiency the crack military units of the armed forces. zAry OS. 
_ As the most efficient form of energy transportation, the continued growth - 
of the Pipe Line Industry, § seems assured. In the past 30 ‘years pipe line ex- 


* If, with the acceptance of other forms of energy, the use of keen 
should decline as a of transmission, other uses offer unlimited 
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opportunity: Transportation of pulp for paper r mills; slurry for cement 

_ plants, conductors for multiple channels of micro waves — are all present | : 
possibilities, and looking farther into the future — high speed pneumatic 


freight and personnel carriers are possibilities that the imaginative engi- 
neering mind aed conceive — and working with the construction man -_ 


achieve. 
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‘This p paper a construction for driving of pipes below 
ground surface by jacking and boring. The method described is an adaptation — 
of well drilling equipment to horizontal boring. The paper also creme of de- 
sign problems involved with this type of construction. Fo es ce at 


wr: 
- Acomparative new mode of transportation which is rapidly expanding to 
attain a place of importance comparable with the highways, the railroads and — 
_ the waterways as products: carriers has sprung up in recent years. The ~ 
reference is to pipe- -lines. Pipe-lines today are carrying oil, gaseous prod- 
- ucts and coal slurry along with many other products to every section of the 
‘United States. Some of these pipe-lines extend several thousands of miles 
q from the oil and gas fields in the south and south west parts of the country | to ee 
the ne north eastern and north western s states. s. Outstanding examples of the im-_ = 
portance in the national interest of pipe-lines as a means of transportation — - 
may be cited the installations which served as carriers of vital fuel products ~ 
- for the allied military forces during World War II namely the oil } pipe- lines — 
l= the English Channel, the pipe-lines which carried aviation gasoline 
to the sectors ii in the China, Burma India theatre which were inaccessible to 
a <n transport and the “little inch” and “big inch” pipelines in this country. 
Interesting statistics on the rapid growth of the pipe-line construction indus- 
try are given in a paper by N Mr. Om D. ‘Richardson which was published in the 


June 1958 issue of the Journal of the Pipe-line Division n A.S.C.E. In addition 
, 1959. To extend the closing date one month,a 
written request must be filed with the Executive Secretary, ASCE. ‘Paper 1907is 
j part of the copyrighted Journal of the Pipeline Division, Proceedings of the — 7 ae 


= 


American Society of Civil Vol. 85, No. PL 1, January, 1959. or 


a Presented at the October 1958, ASCE Convention in New York, 
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the form of vast underground networks below the streets of every urban com- 

Taunity and city throughout the country. These pipe-lines distribute water, 

- fuel, steam and electricity from the source of delivery or supply to the in 
a ‘dividual consumer. It is apparent there for that pipe-line design andcon- 


The pipe- -line is a transportation facility. Consequently similar sgl 


highways, and A major problem in this respect is the 
ing of highways and railroads by pipe-lines. In recognition of the importance 
Of this problem the American Society of Civil Engineers has sponsored a com- > 


J mittee to prepare a model specification which would be acceptable by the ie 


cludes on the part of the pipe- -line and railroad industries and 
the Federal and State highway agencies. While there are diverse ideas and 
opinions with regard to construction methods on the part of the members a 
representing the interests involved, there is ‘complete agreement with respect 
to the purpose of the committee and an earnest effort is being made by all ‘oll 
attain its objective. The pipe-line and public utility industries are for the 
most part private enterprises and as such are ye to provide economic 


Construction Methods for Pipe-Line Crossings 


i The eens practice in the case of where a pipe- -line crossing of a highway 


m ore common problem confronting the pipe-line engineer is that of crossing 1 
existing highways and railroads. It is this construction problem that will be ei 
_ discussed herein. Probably the most important consideration in the case ofa 
‘pipe- -line crossing of an existing highway or railroad is the requirement that | 
- “the pipe-line installation shall be made without interference with the opera- “a 
of the surface _ The jacking or boring method probably best 
meets this requirement. al Fundamentally this construction method is a tunnel- 
ing operation. The pipe is driven at a specified distance below the | grade of — 
the highway or railroad by a combination of pushing and spoil removal. The | 
- being removed through the inside of the pipe as it is moved ahead. There 
are several construction methods which will accomplish this operation. The 
pipe may be pushed by either hydraulic or mechanical actuated jacks and ae f 


wee The Consolidated Edison Co. of N. Y. has spent many years in the imal 
7 ome ment of construction methods for the installation of pipes by the yy method. 
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Over the years the need for use of this method of construction has neomee 


‘more ¢ and more pressing. The trench method of pipe laying has many disad- 
a vantages in n congested city streets, particularly at street intersections. Aside 
from being extremely costly open trenches disrupt the movement of traffic = — 
and are an i inconvenience to the public. In addition, companies faced with the 
need of constantly expanding gas, steam and electric distribution and trans- 
mission pipe-lines are frequently required to construct pipe - -line crossings © 
of the many railroads, express highways, parkways, etc. that traverse their ’ 
territories. ‘The open trench method of the case of these 


_ Several problems were encountered in the sinditiateats of a boring method — 
for pipe installation | in congested ‘areas. The m major problems were (a) Con- 
trol (b) All purpose cutter, rock or earth (c) Overcut (d) Effect on coating. “— - 
The importance of control is obvious since slight changes in alignment or | - = 
grade of the cutterhead could cause a deviation of the pipe from its assigned e 
lane and result in damage to adjoining subsurface structures. An all purpose © 
type cutter is desirable since abrupt changes from earth to rock or boulders: — - 
are frequently encountered within close proximity of the surface. Avoidance 
of overcut of the bore hole is important since the existance of voids in the 
soil above the pipe could cause settlement of pavement, railroad tracks or 


| 


aa problem since it would reduce the effect of support assumed to be pro- = 
vided by the passive earth pressure acting on the © upper side periphery of tl of the _ 
- While all of these problems have not been ‘completely solved presently — idle 
"developed horizontal boring and jacking equipment which can drive pipe in the 
size range of from one inch to 30 inches in diameter through either earth, __ 
boulders or rock and to alignment and grade well within practical tolerance ZS 
limits. The horizontal boring method consists of a simultaneous jacking and ; 
_ boring operation. In this arrangement the pipe is rotated and driven through © 
the earth by a drilling machine and a system of hydraulic jacks. A tricone 
_ bit with tungsten carbide teeth which can cut through rock, masonry or chip | 
up boulders is welded to the lead end of the pipe. ‘This is similar equipment 
to that used in oil well drilling operations. Figures 2 and 3 show the cutter 
head and movile propelling machine. A feed pipe mounted in the drill Pipe 4 
_ carries a liquid slurry t to the cutter head. The slurry isa mixture oF 


‘cates the cutter and bore ‘hole and serves as a coolant for the cutter. It acts 
as a vehicle to convey rock chips and spoil to the boring pit and it aides in 

soil consolidation around the pipe during its passage. The slurry ‘combined -* 
with the rotary motion of the pipe minimizes coating damage. - Upon comple- — 


tion of the bore the cutter. head is burned off the lead end of the pipe and re- a 


‘jaa that the work was done without the creation of voids and ane - 
quent settlement. _ Probably one of the most interesting of these installations — 
was the boring of a 16"" steel casing pipe under the main entrance of the New — 
_ York Public Library at 5th Avenue and 42nd Street, Manhattan. The | casing 4 
_ was for a 6'' stream main service to the library. The library entrance con- a 
sists of extensive ornamental stone masonry, walks and laid masonry 
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of pipe installation would be prohibitive and would detrimental 


A query has been regarding the pr proper of the 


& for determining the vertical deflection of aright cross sectionofa 


pipe installed by the jacking and boring method. It is the contention of — 
engineers that a void space exists around the side and upper periphery of 
pipes installed by this method and the assumption that passive earth pressure 
will be completely effective in restraining elongation of the horizontal pipe 
“s diameter may not be wholly true. Those holding this opinion recommend _— 
. the Spangler trench method for calculating deflections should be modified by 
es: a a factor for initial vertical deflection. _ The ‘magnitude of this < 
al ince 
oa opposite school of thought holds the view that despite a slight initial 
h. _— overcut of the bore hole t there is an immediate reconsolidation of the soil and 
r is gg benefit | may y be taken of passive earth resistance as in the trench 
method. This has been the experience with the jacking and boring method now 5 
in use by Con. Edison. - It has been noted particularly in clayloam and — f 


sandy soil that if Pipe is a hours it 
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An indication that there is soil consolidation around the pipe. In addition to 
a _ this observation the author has investigated a few critical locations where the 

_ pipe installation was in mucky soil or where excessive loadings were expected © 

such as crossings of main line railroad tracks. = These con- 


7 considerable increase in jacking force to resume movement t of the bore pipe. 


_ diameters of the pipe. The pipes seatieeedl were casings of mild steel API : 
a 5L material or “equivalent, 3/8"! wall thickness and in pipe sizes of 16'' and = 
’ 24'' diameter. Earth cover on the pipes varied from 3 ft to 5 ft. The meas- 
urements were taken at the instant of passing loads and in between loads. a 7 
diametric measurements were well within mill tolerance limits and there a i - 
¢ were no indications of deformations or longitudinal sag in the pipes —— “Ss 
_ by these observations. The author does not wish to imply that these few in- 
_ vestigations: are to be regarded as conclusive. . The measurements were made 


in some cases from a few weeks toa few months, after installation and sae 


_ part of a construction project. . It was noted however, that the measured de- 
- flections were in all instances negligible and did not approach in value the 
vertical deflections by the Spangler formula for the trench 
Figure 4 shows a device the internal diameter measurements. 
_ Rotating the measurement arm, which could be placed at any point within the = , 
pipe, permitted the measurement of an electric current fluctuation. The cur- 
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instantaneous reading of the between t the diameter 


Improved construction have overcome to a large extent man: many “ 
‘the former problems encountered with subsurface installation of pipes 


- ‘driving methods. Some of these problems can be minimized by the exercise | 


“of care and patience on the part of the construction crew. The matter of over- — 


aa cut has been practically eliminated with the use of the slurry lubricated bor- 


ing machine described herein. It is also possible ° with this type of machine to _ 
drive coated pipe with reasonable assurance of avoiding damage to pipe coat- oe 
_ ing. Tougher and more durable pipe coatings are being developed for pipe- q «a 
_ line work and it is expected that with their use coating troubles with driven © qj 
Pipe willbe eliminated. 
_ However, there is a field of investigation in this type of pipe-line construc- | 
oe which should be given further consideration. This is the design orca 


with | respect to the proper application of the Spangler theory for weorreegniadl 


 Pipe- -line Crossings of Highways and Railroads is endeavoring to enlist the E 
support of the Pipe-line Division Research Committee and the American all > 
Association to sponsor a research program on this subject. This program : 
would provide i information not only on strength criteria of driven pipe b a 


also. date on passive earth resistance. All of these data would be of con- 
‘ siderable value to the pipe-line engineer. A more rigorous design procedure — 
_ than that now in general use for driven pipe-lines could result in appreciable ¢ 
- economy for the pipe -lines and utility industries. > 


7 wie jointly by the Consolidated Edison Co. of N. *Y. and the firm of Borin, 
Inc. _ The internal diameter measuring device was developed in the Test 
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‘SYNOPSIS 
“*t This paper describes the features of a 72-mile solids pipe line, iid 
tions affecting its design, some of the details of construction, and Problems - 
7 that developed in more than 2 a year of its operations. 


One of the world’s first pipe lines in solids service, , the cross- atlas 
ilsonite Solids Pipe Line, has been in successful operation since April a 4 
L957. The line is 6- -inches in diameter and 12 miles long. ‘The e operation | 
arked the end of many months of studies, tests, design and construction _ 
rovide a vital link in a $16,000,000 project to convert ams ore into a Bs. 
electrode gasolines, and fuel oils. 
_ Gilsonite is a unique natural hydrocarbon mineral, technically known as an 
asphaltite. It was discovered about 1884, although mining on any — — 
‘scale did not start until about 1903. It is found in an area about 40 by 60 - | 


been found elsewhere in 1 the world. _ Tt 0 occurs in n nearly vertical veins ns varying 


hand methods, gilsonite was hauled by ho horse and mule ~drawn wagons to = 


Note: Discussion open until June 1,1959. To extend the closing month, 
a “ste request must be filed with the Executive Secretary, ASCE. Paper 1908 is ae 
= of the copyrighted Journal of the Pipeline Division, Proceedings of pe 
American Society of Civil Engineers, Vol. 85, No. PL 1, January, 1959. 
Project Engr. Er one Co. of California, Francisco, 
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present center of mining operations is at Bonanza, Utah, 
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nearest railroad. A little after the turn of the century, : a 65-mile narrow- a 7 
gage Uintah Rail — 


mineral to transcontinental rail lines at Sask. Colorado. The narrow-gage _ 


Cc raig, Colorado. 


; za to the nearest railroad at low cost. _ Since the owner companies have 
in the oil bu: business, it was quite natural to think of ‘solving transportation 


is no worse than many in use for petroleum pipe lines. It is direct - only 72 i g 
— miles long; whereas, if trucking had been used, a road haul of 182 miles — 
e 


would have been required. Rebuilding the abandoned railroad was out of th 
question. _ Estimates indicated that a solids pipe line had an attractive odmell 

over any other form of transportation. , Since the method of mining was , ae 
_ hydraulic, it seemed natural to continue the water-solid oa and it a 1/7 
appeared practical to dewater the slurry at the end line. 


i a high-p -pressure » jet of water and flushing the ore thus broken out of the vein 

4 to a sump, where it is pumped to the surface to be prepared for the pipe line. 

> Figure 1 shows the mining operations schematically. . After screening, crush- 

ing, desanding, and proportioning to the right concentration, the slurryis 

pumped to the refinery near Grand Junction, Colorado. There most of the _ 

water is removed by vacuum disc filters, leaving a filter cake with moisture 

content varying between 14 and 18 percent by weight. The r remaining water i 

driven off by melting the cake by direct contact with 450F oil. Fromthis 

material is handled conventional petroleum to 


a slurry. - Some information was available on heavier solids and this ce A 
research into properties fundamental to a successful pipe line operation. 


‘Tests were conducted on a 500-ft loop of 6-inch pipe indicated in Figure 2. ri 3 
Slurry at various and gradations was pumped around the 
at varying velocities. I Pressure drop was measured. _ Attrition, or wear 0 
the | particles, was ‘measured as a function of distances traveled. A “sw: — 
x was built into the loop so the effects of slope of the line could be determined. _ 
= _ These tests showed that at low velocities, the pressure drop was higher a 


deviated appreciably from pressure drop for water. 


; 


2 
4 | 
2 
13 While looking for other uses, it was found that gilsonite could be converted — 4“ 
coke and gasoline. However, to be economically attractive, miningona 
much larger scale would be required. And even more important, large 
d 
- 
DY pl es. arrying gills So spe O 
Re “ ne a seemed to answer the “how” of getting a solid in a pipe line. Further prelimi- © ' 
i om onary work indicated gilsonite should be an ideal material to slurry as it is — 
ia = j- only slightly heavier than water (specific gravity 1.04), and is not abrasive. (a hs 
‘ 
Chae. | 
te! 
a 
4 
a 


F GILSONITE VEIN 


ARTISTS SKETCH SHOWING HOW 


eed 


— 
| 


Sammary, 1 1959 


SLURRY 


As the velocity increased, a near that of water 
minimum velocity became an important consideration. 
ss size gradation of the gilsonite had an effect on pressure drop. Smaller > eo 
t= particles were easier to keep in suspension and thus lower pressure drop was tt 

for small size particles. Attrition was less with smaller top 
«size particles. Larger particles tend to abrade each other and thus create | 

No definite relationship could be established for the slope of the line. It . 
appeared prudent to limit the slope of the line as much as practical to avoid 
the chance of collecting solids in swales. In the actual line, the slope could a 


be held to a relatively flat 12 except for a steep 21- degree slope just» 


In the test corrosion and erosion were measured by | inserting : a short 


piece of radioactive pipe. The amount of pickup by the 
- final line a chemical inhibitor is used. As an extra precaution, the first five - 
"miles (oft the pipe line was internally descaled by sandblasting to eliminate 

- corrosion due to galvanic action between mill scale and bare metal. The se 
first 10 miles of line was provided with an approximate 1/16-in. corrosion ls 4 
__ allowance to protect the the portion of the line where oxygen would be most active. 
One of the other important factors determined in the tests was that when — 
test line was with in line, ™ — 


PIPE LINE TEST LOOP 
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could not be started. Continuity of flow appeared | to be a a As on- 
I structed, a spare pump was provided for the two pumps normally required. — 4 | 
; As the main pumps are electric driven, a diesel-driven water pump is pro- _— i 
vided to start flushing the line automatically toward the refinery, if power __ 
fails. Normally, the diesel pump furnishes water for the hydraulic mining 


. - : of Baxter Pass, capable of flushing the line both ways in the event of complete 


i pump station failure, or a line break which would render the pumps useless © ag 
beyond the break. _ Manifolding to permit back flushing from the refinery = 


provided at nominal expense. Bath pumps _™ used for decoking opera 


ze at Bonanza is 2150 psi, 75 psi at Baxter Pass, , and 1200 psi at the 
au refinery. _ The hydraulic gradient is shown in Figure 4. This high pressure _ 
at the refinery is required as the ground profile is much steeper than the oc 
Nemo gradient. . If the line is not kept under pressure (and thus running B' 

full) it is feared that plugs might form. In the initial tests, there was a ten- 
> — for fines to float \ on n the liquid’s surface and this — cause a — _ 


of small diameter and 1- 1/2- - n. diameter) with 4-way valvea to 
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SOLIDS 


length of 1- in. pipe is used for normal operations. Fine was 
" provided by either a rubber sleeve type valve or a conventional steel wrote 
_ valve. The rubber sleeve valve was not successful and was abandoned. — = 
steel throttle valve has performed well, but erosion is high enough to require 
seats to be replaced frequently. “Bends in the harp are made of Schedule 160° 
pipe with 20-inch radius. Erosion has been high in the bends of the small 


diameter harps, cosuieing more frequent replacement of bends than is Sie 


provided with a 1 relief valve and a . bursting disc, the ‘latter in case the wae 
_ valve plugged and 1 failed to operate. Both have proven their worth by ex- — 
an - After careful evaluation of the basic tests at Golden, it was decided not to 
- conduct more extensive pipe line tests, but rather to put the money into extra 
safety factors in design. it was decided to design for a friction factor of 125% 
of that measured in the tests. ‘This allowed for additional internal pipe rough-— 
ness, effect of low temperature on viscosity, effect of swales, and effect of — 
chemical used in the tests but not used in the commercial 


‘Test Data for r Pumps and Dewatering 7 


_ positive displacement pumps used in the oil drilling business were tested with 
— types of pistons, valves, and seats, handling slurries with up to 1/4- : 
inch maximum particle size. The pumps were found to be more efficient wi 
ae top particle size. An 8-mesh top particle size sé seemed to be the up- 
per limit for efficient operation of the pumps. 
_ As a final part of the testing program, samples of slurry w were sent to v vari- ie’ 
“ous equipment manufacturers to determine the best method of dewatering the 
; slurry. . Vacuum filters looked best and were finally selected. h- ¢ 
The through v which the p pipe line was built is rugged, but 
tunately there is a convenient valley up one side of the mountain to Baxter el 
Pass and another down the other side almost in a straight line between 
Bonanza and the refinery site. Figure 5 is an artist’s sketch showing features 
of the line and refinery. The only populated area crossed is in the last seven 
_ miles of the line. The White River and Evacuation Creek ‘were two major 
obstacles. _ These two deep r ravines were crossed by suspension bridges with 
"spans of: White River 700 ft; Evacuation Creek 600 ft. A more direct route 
= have avoided the Evacuation Creek crossing, but would have required — 
1700-ft crossing of the White River. The two shorter c: crossings with 1500 
tt more line saved $70,000 in first cost. 
added of line is not significant. 


ht of Wz b inet 


and a The ‘first part of the line is through low-grade oil shale land under pri- es 
before the government reserved srved the ame: for its own 
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"major highway and railway crossing was encountered and this is s crossed just 
before entering the refinery. Incidentally, casing at this crossing is 320 feet e. 
- long and a leak showed up in this section during the hydrostatic test due to 4 
piece of laminated pipe. — This has been our only experience of a failure “j a 
in many years. ‘The | break caused no 


“Construction and Coatings 
Construction was pushed into winter by pipe delivery 
oil line practice was followed for cross-country pipe lines. Wall —. : 
varied from 3/8-inches to 3/16- inches, with 3/16-inches considered to be _ 7 
minimum practical thickness. Pipe grade was API 5LX-42 and 5LX-46. A 
maximum design stress of 65% of yield was used. Special precautions 
taken for bending the p' pipe when air temperatures were below 32F and for of . 
_ Welding when air temperatures were below 40F. All of the line, except a... 
five miles at the summit, was covered with an over-the-trench ‘coating, con- 
; "sisting of a double-flood ‘coat of asphalt reinforced with fiberglass, all — 
7 tected by a layer of asbestos felt paper. Pipe was lowered into the trench 
_ behind the coating machine. - Because of winter temperatures, asphalt con- 
_ sumption was high, due to greater thicknesses laid down on the pipe. The ~ - 
_ miles of coating over the Baxter Pass summit consisted of a 25-mil tape of — 
7 10 mils of polyvinyl chloride and 15 mils of contact bonding butyl rubber. 
- _ The terrain here is too rugged for the over- -the- trench hot dope and a cold 


applied coating proved advantageous. 3 Cathodic protection will be added ne a 


corrosion. In spite of winter conditions, the pipe line aid at 
7 In constructing the | line, lengths of branches off the main line wea kept g 
_ short to minimize spots in which flow would be dead and in which particles : 
‘ could accumulate to form plugs. — proved to be a valid fear by experience _ 
Ps ‘Plug valves were used exclusively, because their design minimized voids 
~ available for the accumulation of solids. Some trouble has been experienced 
_ in operation of the pressure breakdown system with sand particles aa 
under the plugs of valves. This is in 
‘ tion are high. 


=f pipe line location. — ‘This put many more horizontal bends in the pipe line ~ 7 
caused 1 some deep cuts in crossing the small washes characteristic of = 


The pipe was buried to to | give cover protect ag: treesing. 
td _ It was decided to set a minimum radius of bends of 15 feet and limit each adie as 
a bend to no more than 30 degrees of angle. If a greater bend than this was re- 

ay quired, a 10-foot tangent was inserted between bends. This precaution was 

a set to ease plugs around bends if it should prove practicable to move a plugged © 
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. ‘idl The suspension bridges are rather conventional construction. Each has a 
_ s 1-5/8-inch main supporting cable with two 1-1/4-inch sway cables. Towers 
_ are “A” frames of structural steel. Anchoring was no problem with plenty | 
of hard sandstone and shale to hold concrete anchor blocks. To protect the ; 
pipe from freezing during a winter shutdown, the pipe is cased and insulated p . 
_ with 1/2-inch thick fiberglass next to the pipe, which holds aluminum foil 
midway in the dead air space. This design gives only a few hours protection _ 
under a -40F temperature, after which the line on the bridges willhave to 
be drained. Drain valves on the bridges are enclosed in insulated metal boxes 
which have small propane gas heaters to prevent freezing of the valves. BS 
_ Vibration due to pump- -induced pulsations proved to be a problem on the 
suspension bridges. The lengths of the bridges are about one-quarter the 
a wave length of the pressure pulses. With expansion bends at each end of the - 
_ bridges, pulsations estimated at 50 to 100 psi caused considerable unbal- i 
anced longitudinal forces on the pipe. Anchoring one end of the pipe only suc- 4 
ceeded in translating movement into vertical motion of 1/8 to 1/2- -inches. i a 
i Failure of two diagonal or horizontal guys and the casing on one bridge em 
_phasized the seriousness of the vibrations. _ The problem was corrected by 
installing a pulsation dampener on the | downstream side of the pumps. This 
_ dampener consists of 6-inch-diameter by 8-foot-high steel stand pipe filled — 
with nitrogen gas. Since the has been in operation, vibrations on 


with an earthen dam on the downhill side. It is a circular plan with a 120- foot 
te diameter at at the top and 50-foot diameter ai at the bottom, _ and is 20 feet in a. 
height. Its capacity is 20,000 bbi. It is ‘designed to let water into the line 
"automatically when the hydraulic gradient falls below the level of water in the 
reservoir. Originally it was planned to use only an asphaltic membrane, but 
_ because of winter construction, an 8-mil film of polyethylene was used. _ This 
has § served very well to date, although it was installed as a temporary een 
‘4a ent. For continuing service, it was felt that a roof would have to be con- 


_ structed over the reservoir to keep ice from forming and to minimize Said 
tion. The roof was omitted until the longtime need for this flushing facility _ 
- can be established. Tt is still not certain whether the line would plug, if shut _ 

‘ down with slurry in it. _ The line has not been shut down, accidentally or ea 
planned, without reasonably prompt flushing. Experience to date has shown nar, 
that neither ice nor evaporation has been a problem at the reservoir. Ice 
formed last winter up to four feet in thickness. _ Evaporation has not been — 
great enough to cause any problems in keeping the reservoir filledfrom | 
slugs of water pumped from Bonanza. The reservoir has performed its -. 
welt to date. - Several mishaps at one end of the line or | the other have caused 


reservoir to operate. 


‘Testing and Initial Scraper Runs 


Hydrostatic testing during the winter always has its ts problems. | A ee 
— were encountered i in reaching | the 90% of ‘yield test pressures. ‘The , 
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sible by draining at the major low points. After the line was 
were the entire line. 
While run: running the line was plugged with pieces 
ice totaling 6 feet in length. Evidently, flow was possible past partially = 
frozen sections of pipe. Ice broke loose and finally collected in front of .-- 
- larger piece of ice to plug the pipe. ‘The plug was removed from the pipe by 
- cutting the line, heating the pipe with welding machines and blowing the plug al 
out of the line. Since then no troubles from ice have been experienced. The — 


_ slurry arrives at the refinery at 40F minimum temperature even in mid- 


_ Extensive ‘ati tests wer e performed with both water and slurry on a 
> pipe line before full- ‘scale operation began. These tests confirmed the design © 
basis. -‘The pressure drop for slurry proved to be very near that of water. an 
The pipe in the line is rougher than that used in the test and is equivalent to — z 
water pipe in service one year. Surprisingly, the pressure drop ' with slurry 
did not appear to be affected by the difference in pipe roughness. — To date, zs 
the pressure drop has improved, indicating that the slurry has made the a 
somewhat smoother. i Pressure drop is sensitive to to temperature effects on A _ 
_ The main line pumps at Bonanza have been more efficient than originally 
7 anticipated. Since they are constant speed positive displacement pumps, the 
= rate is 7% above design and results in a lower slurry concentration or = 
the design rate of 700 tons of gilsonite per operating day. The pipe line has 
operated for a period of several months at the rate of 850 tons per day with a 
slurry concentration of 40% and concentrations up to 42% have been pumped — -_ 
successfully. There are indications that pump volumetric efficiencies begin 7 


to fall off at concentration of 41%. By simply increasing pump plunger — 
_ ters the present system will transport up to 1000 tons per day. Ifa second 1 
pump station is added in the future, the pipe line throughput of em can 

be increased to more than 1700 tons ‘per day. 


a emma valves at the pressure breakdown manifold. iv" valve stuck | in 1 mid- i 
_ position, thus blocking flow. Before the pump station could be shut down, the = 
line was over-pressured a few miles upstream of the refinery. ‘Fortunately, 
slurry spill is easy to clean up and this particular spill covered only a — ae 
- ee 4 area. The break demonstrated that flow could be re-established after a 5- a 
pun) minute shutdown and flow coul 
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The Gilsonite Solids has demonstrated the potential for solids 
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_ WATER DISTRIBUTION PROBLEMS SOLVED BY NETWORK 
CALCULATORS* 


Mz. B. McPHERSON, A.M. ASCE a and J. Vv. RADZIUL.2 —The author has 
presented some innovations in in the adaptation of electric service power-system 
a boards to distribution network 
_ The head loss in an incompressible fluid in a pipe is a function of the ve- 
‘hide raised to a power ranging between 1.75 and 2. 00, with turbulent flow. sd 
_ The 1.85-power of Eq. (1) generally infers usage of the Hazen- -Williams 
equation, developed as a ‘best- -fit’ to an assortment of field and laboratory a 
test data for the flow of water. (The Hazen-Williams equation is commonly . 
used in water distribution network calculations). The “roughness factor” in 
Mr. Haupt’s table is the Hazen-Williams “C.” The pipe diameters in the 
table: should be 1.0 and 1.33 feet, instead of inches. . Unfortunately | the table 
accompanying figure a are too | and confusing t to of much 


value tothe reader, 
‘The writers have tested a of various of 
‘nary incandescent lamps and found exponential values ranging from 1.3 to 
20, .0, with few yielding an exponent satisfactorily close to 1.85. Further, ordi- _ 
_ inary lamps have a small and limited range of resistance Cc characteristics. _ 
‘The calculating board has a convenient built-in feature in that “The elec- j 
tric power loss in any circuit may be read directly.” In hydraulic network 
“eran the use ofa “power loss” will often be » exceedingly misleading. _ 
For instance, a main of considerable length may have a high power loss and ‘ 
x not have a particularly excessive head loss per unit of length. A short 
- | might have an excessive head loss and yet yield a relatively s small | oi 
"power r loss as compared to non- -critical longer lines with ; a high power loss. bao 
| significance, ‘might well exhibit what would appear to be a 
high power loss. In the author’s table the statement “line No. 14 is the criti-_ 
cal one so far as this ~_ of the — is concerned” refers to a case where 


loss might or might not be considered excessive. In a network, the amount of 

_ flow in any given existing pipe is not particularly important, except t that the * 
_ designer naturally attempts to distribute the flow in accordance with the dis- i 
tribution of local and pipe sizes, , consistent with 


a. Proc. March, 1958, by L. M. Haupt. 
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Engr., Philadelphia Water Dept., Philadelphia, 


January, 1959, 
"not power loss, although the laiier may be an index of the former. zk 
_ Advantages in the use of the direct-analogy, direct-reading Mcllroy Net-_ 
work Analyzer over calculating boards and digital computers for design have wy 
been presented recently.(1) One outstanding disadvantage in the use of McIlroy eS 
_ analyzers lies in the small number of machines available: at present only four — 


of the total existing fifteen machines are readily available on a rental basis. _ —— 
eS On the other hand, the staff of only two to four of the several electric power | 
ss boards available forr rental have had any significant experience in 


gether with the contiguous statement “Usually after the third edieatinant, the 
_ accuracy of the results is such that no further adjustments are necessary” in- 
dicate clearly the comparatively « excessive test time which would be required © e 
for extensive and/or complex networks, as opposed to solutions obtained via > a 
digital computers or McIlroy “Analyzers. A test on a moderately complex net- 
on work could be run on the City of Philadelphia Water Department’ s ona 
‘Analyzer in a fraction of the time which would be required with the author’s © 
The utilization of digital computers in water distribution network « design 
calculations is steadily increasing. . Further impetus will result from the re- 
cent publication of a complete program for an ‘I.B.M.-650’ machine.(2) It is 
the opinion of the writers that future models of the McIlroy Analyzer will _ 
most likely be purchased mostly by gas and water utilities and universities, 
as in the past, with infrequent users of machines for network analysis turn- 
ing increasingly towards digital computers. An expansion in the use of elec-_ 
tric service power-system calculating boards does not appear likely. a 
_ Additional references relating to the use of calculating boards for network | 
calculations may be of interest to the reader. (3) _ (The author’ s reference (6) 
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EQUATIONS FOR NATURAL GAS — 


that it is virtually impossible to imagine a practical natural gas pipeline 
operation where streamline flow might be involved. The mass of evidence of 
actual tests on commercial pipelines supports this conclusion. The writer — 
_has personally examined over two hundred tests on commercial pipelines _ 
under varied d operating conditions that Support this conclusion. —~ 
presentation(2) the same premise. 
It must be concluded that, (to quote the author) “in the range of flow rates q 
4 _ common to large diameter high | pressure pipelines the resistance coefficient ‘4 
_ is controlled by conduit surface conditions,” and that “an equation of the “= 
Weymouth type is most satisfactory for large diameter lines.” 
— It is also evident that the roughness of the internal surface of the pipe has - 
7 : a major influence on the flow characteristics, as evidenced by the countless 
_ pipe cleaning programs of major pipelines, and the standardization of pipe- P. 
line design to include facilities for the introduction of pipe cleaning devices. 7 
_ The author quotes Smith, et al(3) as recommending the Nikuradse Rough Pipe =f 
law, with a value of ko =0. 0007 to represent average pipe surface conditions. 


— conclusion is obvious. We are now ready for a flow equation, 
_ designed for use in the turbulent flow area, in which all large commercial 3 
- pipelines operate, disregarding Reynold’s number, recognizing the Nikuradse 
Law, assuming a standard K factor for maximum commercial | smoothness, and _ 
evaluating pipeline efficiencies against th this standard formula. ‘Such 
flow equation should include a correction for deviation, , which = be May 
The author done an of ana 
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Ivey, W. T. and Dorough, J. Flow of Natural Gas in Pipelines; | 
Proceedings of the American Society of Civil Sugiaters, Paper 1194 4 (1957). > a 


Planning Engr., Southern Natural Gas Co., Burmingham, 
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for the Pipeline Research Committee, Gas (1958). 

_ Smith, R. V., ‘Miller, *? S., and Ferguson, J. W., Flow of NaturalGas 

— Experimental Pipelines and Transmission Lines, Bureau of Mines | 


Monograph N No. 9 9 (1996). 


JOHN F. SCHOMAKER. _This paper with. clear discussion of the vari- 


application of theory to natural gas however, still | leaves 
area where the accuracy of any of the flow formulas, now in use or proposed, © . 

— poorly defined. | ‘The smooth flow region has been verified by the Bureau of 
Mines work with small diameter pipe. . Similarly the fully turbulent region — 
seems to have been firmly substantiated by test information on large diame- - 

| pipelines. However, the transition region between these two modes of bs 
flow is only approximately defined. The Bureau of Mines results on 2!! to a 
= diameter pipe indicates that the transition region is a relatively wide io 
range, and their correlations would predict that the Reynolds Numbers are 
quite high for the transition region for large diameter pipe. In fact, the ik a: 
majority of natural gas pipe line Operations would seem to fall in this transi- 
we The use of fully turbulent theory for the transition | region is probably oe f 
_ satisfactory solution. Or perhaps some compromise with theory may provide =n. 
a better practical answer. In any event the the accuracy of mathematical predic- 
tion of flows in the transition region leaves something to be desired. cate 
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IPELINE AND TELEMETERING G SYSTEMS? 


‘This p paper functionally describes and defines the basic elements required — 

_ in measurement, control and telemetering systems. Integration of these ele- — 

' ments into complete systems is clearly shown in the illustrations included in = 

_ this text. It is of particular interest to note that these systems are extremely 
flexible and can be engineered by making use of presently available produc- — » 
tion items obtainable from several sources 
_ Due to the trend toward unattended stations and the eventual use of com- 
puters as an aid in dispatching, considerable discussion is devoted to digital 
Use of yo 10 digital ‘Systems makes | available to the 


om The term Pipeline Instrumentation. all measuring 
y ri 
‘devices, control circuits and telemetering systems that are required for — “oe 
operation. ofa complete pipeline system. -Categorically, pipeline systems fall 
into two general classifications, namely: 
a) Gas carrying lines which 1 require Co compressors as the prime mover, a oa 
a b) Liquid lines which can carry water, crude oil, or finished products “| 7 
many kinds and utilize a variety of pumps as the prime mover for these 
inte 
Note: Discussion | open until June a. To extend the closing ig date one 
__- written request must be filed with the Executive Secretary, ASCE. Paper 1926 is a 
a part of the copyrighted Journal of the Pipeline Division, Proceedings of the 
: American Society of Civil Engineers, Vol. 85, No. PL 1, January, 1959. ogg 


= Presented at the June 1958 ASCE Convention in Portland, Oregon. eo 


Standard | Sanitary Mass. 


4 
J 
= 
» 
™ 
© a 
F 
q 
q q 
5 
the 
4 


Measurement Categories 


ae These are measurements nile represent the - magnitude of the pipeline 
¥s _ process variables at a remote station, gathering or terminal point and — 
— 
arth ; include pressures, flows, temperatures, levels, differential pressures, a 
etc. In addition to the pipeline process variables there are the gga 
— related to equipment operation and these can include volts, — " 
mperes, watts, , speed, displacement, direction, position, exhaust tem- ~ 
ciel bearing temperatures, lube and seal oil pressures, etc. | 
Quantitative measurements provide the for op- 
timum operation of the system. 
Qualitative (Yes-No) Information Information 
‘These measurements ar are e derived from 
and can be set up to signal limits (hi, low, or both), incremental changes, _ 
or rate of change of above mentioned parameters ¢ or of v vibration noise 

level, etc. ‘This “Yes” -“No information is utilized as ——- 


In making and applying these aforementioned measurements it is necessary — 
that we define and understand automatic measuring, indicating, recording, and ‘ 
controlling instruments and systems, special control circuits, supervisory re. 
_ control and telemetering systems. It is these ingredients which, when proper- 


ly applied, provide a means for operating a pipeline at maximum ead of 


Our first question then is WHAT ARE AUTOMATIC MEASURING, INDI-- 


. _ CATING, AND RECORDING INSTRUMENTS? By rigorous definition these 
- instruments are machines used to indicate the magnitude of a property of a 
physical system. They convert some of the energy absorbed from the system 
_ into work usable for an intelligible readout of information. In some cases the 3 


like time, temperature, ‘inertial mass, , length, or elect 
cal charge. In other cases the measured property is mathematically defined * rT 
as the derivative or integral of one of those basic properties with respect to y 
another; e.g., a tachometer indicates the change of position with to. 


time. 


The information readout is usually a first order function of the 
= the system parameter, but it may be some other mathematical function e. om 


the square ‘root of a pressure drop across an orifice is a measure of flow i 


intelligence > may be presented visually and/or graphically we a pointer — 
oi or pen moving over a calibrated scale or chart (recorder), or by a printed < a 
_ scale moving by a pointer or aperture (indicator), or by a mechanical printer 7) 
typing: numbers or code (log 


— 
1 lines; however, the basic measurements themselves, due to the 
— which they are utilized, fall intotwo categories: j= 
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TELEMETERING 
transducers in our present day systems a are located at 
pick up point and by means of primary sensing elements they convert the © 
process variable to some type of mechanical motion or force (see Figs .3 and 
2). This motion or force can be converted into some mechanical, ‘pneumatic, - ne 
hydraulic or electrical analog and transmitted to a remote point (often not a 
more than 500 feet away) where it is reconverted into visual indicated or re- ae = 


corded or retransmitted by a 


= Classes of Automatic Instruments 


there are two broad classifications of measuring instruments, 


namely 


_ b) A closed loop or null balance servo 


in z The open loop ine i is s normally thought of asa a system which pre presents 
its information in analog form and the electrical quantity of information is = 


severely by deviations of temperature and excitation voltage and ware a 
than are closed loop systems. A common example of an open loop a is 


a Wheatstone resistance bridge arrangement which is used to measure a - 
change in the variable quantity, with the output from this bridge then actuating 


‘The closed loop (servo) system utilizes a transducer, an amplifier and 2 a 
ye servo system for accomplishing its measurement (see Fig. 4). nt ie 
_ a device which positions an object (a readout pointer that is mechanically 
- connected to a feedback signal generator) with respect to the varied signal 
~ (transducer signal) that supplies only a small amount of power. The excellent 
resolution of this type measuring system is made possible by a high gain a 

amplifier which uses the error signal to drive the servo motor, gears, feed- 
back and readout pointer. _ The readout pointer then is the shaft position a 


; tem is } not | affected to any great degree by changes in ambient temperature, 
voltage, or frequency. Thus the dependability of shaft position (pointer) ac- 
curacy is much greater than can be expected with an open loop system as 


better than accuracy with an open loop measuring ‘system. 


a” similar to the grid in a vacuum tube. ‘a 


takes only enough energy from the controlled process to function ina manner 
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Instruments serve as controllers as well as indicators and recorders by 

inter modulating the availability of energy to the process actuator. This energy is 
best supplied by an indenendent source and in this manne he instrument 
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Figure 3. Measuring and Indication System. 


a perfectly general control loop which can be applied 
a a many ways to different processes. _ The desired operating condition is 
_ manually “put in” by means of the set point adjustment on the controller. 
— he transducer signal is compared with the set point and some function of _ 
the difference or error signal is the positioner command. The positioner is — “al 
then throttled until an equivalence of set point and measured variable is ful- 
filled. The positioner remains at this necessary setting until it receives so 
new commands which have resulted from an upset or changed condition. The 
= is capable of three or more different modes of oe if re- 


The flow rates in each of two individual pipelines | can be a added by means © 
of : a servo summing network as shown in Fig. 6, the psec a oF being a 


‘Special Summing Circuits 
4 


venue | is then added with other linear signals to give ‘total flow 

‘Figure 7 a pulse summing circuit that automatically adds 

a _ measurements of several shaft integrating meters, the requirement in tis 

being that the pulse be set up such that a pulse repr 
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distant point 2 a pulse t totalizing encoder can hid used aa set | tthe | total up in re- 


supervisory and Self 


Supervisory Control Circuit is the link by which ‘commands from a mas-_ 

. ter control station can be sent to a remote station in a characterized form 
Pe that the function will not be executed until the command has been checked. 
These commands are used for the automatic sequence control unit (see Fig. all 

- which is used in starting a station, changing set point, closing or opening 

valves, and interrogating the data telemetering system. 
‘There are many different ‘methods of coding supervisory | control commands 

= transmission via microwave or wire line. A few of these systems will be — 


i ‘Space code selector system: A signal resembling the Morse telegraph 


_ Where the telegraph code uses short and | long pulses, the e space co code iz 
system uses impulses of equal lengths. | The time duration between these im- 
pulses determines the code or function to be performed. To start an electric © 
motor for instance code 1 might be transmitted consisting of two impulses — (ja es 

- with one time duration unit between the impulses. To stop this u unit, code 2 
might be transmitted consisting of two impulses with two time duration units - 7 . 

od - Increasing the number of impulses by one doubles the number of codes - 

2 “~ can be transmitted. _ A six impulse code therefore can handle 32 codes. 7 

Time code system: This code consists of the transmission of long and 

a short impulses of energy over the communications ‘medium. | The time. dura- oi: 

; tion between pulses can also be long or short; therefore, for a two step jcalxien 
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One short impulse, one long time 
3) One long impulse, one long time duration RY 
4) One short impulse, one short time duration ; 
Usually a 16 step system is used in the following 1 manner. The first sali 
is used for checking the transmission circuit; the second through eighth 
steps establish station selection; the ninth through ‘eeceeaated anal are used 
for resetting and “synchronizing the code « equipment. 
~ Tone system: The combination of tone frequencies s transmitted « over the 
communications medium, which must be of voice quality, determines the sta- 
tion and function to be e performed. Usually a all frequencies are transmitted = 
4 once as in n the manner of a musical chord. One coding scheme using this oye wT 
functions at up to one hundred remote stations. 
_ The “Self Control Circuit” at a remote station contains all of the off- 
- normal operating alarms which are used for protection of the equipment. In 
the event of malfunction these local alarms can take the station off the line | 
entirely. When this occurs | the station cannet be re- until it 


Telemetering is 3 strictly defined by many as an electrical sys- 
tem measuring a quantity and transmitting this result tos a distant station +h 


“measuring and indicating system could be placed in the category y of a tele- 
metering system. This general definition leaves much to be desired oil _ 
respect t to the practical ‘al distance f from the point of f measurement to t the point 

_ of display, which m may va vary from a few feet for some ne apparatus to unlimited 
In practical use a ‘Telemetering ‘System is a “transporter or hauler” - a 
‘measured quantities (data) and has no limitation as to the distance between 
_the pointof measurement anddisplay, |, 

complete Telemetering System is then logically broken into its three 
Mea basic parts as follows (Fig. 9 - hock Block Schematic). 


them in the proper form for telemetering. 


-Telemetering System - the link which 
Display System - receives the information and mace’ indicates, logs or * 


Basic Types of ‘Telemetering Systems 
kl Basically Telemetering systems are of two general types: 


3] A. The Analog Type. This type constantly monitors the aia measured 

pe point and presents data to the receiving point as some function of the variable, 

such as voltage, frequency, or some pulse characteristic type, 


| four codes can be transmitted. These are: 
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‘Figure of a Complete Telemetering System. 


by definition, is an analog system. The term analog . information means an 
‘approximate value of the variable. A good example of an analog device is a 
The forms in | which analog data can be handled include: pulse amplitude, 

4 pulse frequency, pulse duration, pulse position and pulse count. 


Pulse Amplitude: _The envelope of the pulse amplitudes approximates the = ; 


of noise is unavoidable and the receiver has a tendency to jitter. 
Pulse Frequency: The frequency of the transmitted signal is to 
, the original signal. Again the signal-to-noise ratio determines what the re- 
Pulse Duration: One pulse is sent out for the complete signal. The length or 
duration of this pulse determines what the receiver sees. _iIf the digit ten were ; 
_to be transmitted then a pulse of ten seconds duration might be sent out <i ‘a ue 
_ the communication medium. Noise again will cause an error due to the re 
- ceiver seeing a longer pulse. than that transmitted and thus give an erroneous 
Pulse Position: _ One pulse is transmitted at a certain time from a reference 
point. The time between the pulse and the reference point determines the 
_ ‘reading as seen by the receiver. Again noise along tl the line could cause a 
false pulse and therefore a false receiver reading. 
‘Pulse Count: This system is included under analog telemetering a although 
_ ~many will argue it is a digital method. It uses one pulse to transmit each dis ae 7 
cernible level of signal. If the digit ten were to be transmitted, then ten E sat) 7 
pulses would be seen by the receiver. Some consider this as ; digital because 
_ “binary” pulses and digital readout devices (counter-type) are used. The fact, 
however, that a time base is used and also that it utilizes a bandwith charac- a 
= (similar to pulse duration) stamps it clearly as falling into the | ono 
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. The Periodical or Selective Type. ‘This ty type of — 


- or on a demand selective basis. In general usage, this type of system is a 


strictest definition the only system t that can handle digital information. The — 7 

; term digital means an exact value. An example of a digital device is a calcu- 
— lator. Digital information can be transmitted repeatedly such that the number — 
(of samples s can approach that of a continuous presentation if desired. The 


_ selective system has its greatest ap application in digital data reporting g and Sp : 


~ logging systems and in conjunction with supervisory control systems where — 
_ commands are given to satellite stations. stew 


ai Digital Tele 


_ Digital telemetering systems have been in use for m many any years in the a 


_ _ curacy then, a digital system represents not just a deluxe improvement oi 


* analog system, but rather a categorically different type of equipment. — 7 
_ Digital systems depend upon arbitrary coding of the measured variable ‘i 


whe has a logical relationship to the observed data. _ These systems differ 


a only in the type of coding used. Some of the common types are decimel, pure ta 
binary, reflected binary, binery decimal, nee binary decimal and Beaudot. 


the case of encoded and digital information, there are several ways in which : 


7 ‘Parity Checking: | One of the commonly used checking techniques | is that of 


eels interrogation. This system allows slightly more rapid handling of 


7 
“a jj. atthe receiver as levels of signal. The error is in direct proportion to the © ; } 
system noise. One other distinct disadvantage is the limitation on resolution — 
ic 
a 7 q : AS pointed Out in the above descriptions the handling Of analog information © i 
| 
2 
ay 
| 
— 
@ 
6 Oo allowable error is virtually zero. Also in recent years job cost and payroll aa a | 
q 
¥ 
— 
7 
7 wR 1 _ subject to transmission errors and in the case of analog information, it is ex- : : 
4 eckK wherein e number or pu ses LO Il © Up figures that are trans- 
_— jj} mitted will always add up to a pre-determined number. If this does notoccur, 
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up the ‘relay matrix and: the of information then is 
with the first and if it compares, the logging — is allowed to accept an 
this information and the log is printed. 
ws Reflected Checking: This technique transmits the digital data to the receiving 
_ point where it is stored on relays. The data is then transmitted back to the hae 
originating station where it is compared with the “original | data. If there is 


i is then displayed or printed ona si sheet. : 


1. Data Source 


3. Transmitter 
5. Receiver 


‘The Data Source is the instrument which measures the process variable -— 
‘puts it into an accurate analog form. Using a pressure measurement as an a 
‘uae (see Fig. 11) a twisted bourdon tube is used to sense pressure. The 
_ twisted bourdon tube, pressure transducer converts pressure into shaft rota-— 
a tion of a rotary differential transformer whose a-c output voltage is therefore 
os proportional to the pressure. This a-c voltage is compared with the output _ 
of the feedback signal generator which is connected to the ‘servo motor 
driven pointer shaft of the indicating receiver (see Fig. 12). _ Any voltage : 
ference, amplified by a magnetic amplifier drives the servo motor indicator — - 


error signal is essentially zero. ‘The 5 pointer thus indicates precisely and 
. “i accurately the magnitude of the pressure applied to the transducer. Neciuas a 
_ Codes and Encoders - - Coded information is used in order to preserve the 
basic accuracy of measurement during data handling. There are a 
= in common use for the representation of numbers Mackeiaaity or elec- 


the powers of ten required to represent the number. | : 
_ The binary code requires the closure or opening of a « contact t for each of ‘the 
_ powers powers of two r required to represent the number. er nm 
_ The Gray or cyclic binary is similar to the normal binary except that the 
aa of the coding has been changed in such a way as to permit only a 
; _ change from op open to closed or closed to open contact in moving from one 
7 ‘% Binary coded decimal represents the powers of ten in binary form in order ‘ 
to simplify later conversion to normal decimal or other codes capable of HS 
controlling atypewriter or the like. 
‘The teletype or Baudot code is 3 an arbitrarily chosen code which happens isto 
be the standard adopted by the communications industry in teleprinter 7 i 
COMMER and frequently for the control of electric typewriters. 
* a is, of course, possible to create modifications of the codes described by — 
simple permutation of the between a of numbers and 
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‘Figure 12. Servo Null Balance 
Photo Controls, Norwood, ‘Mass. 
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00x 


-Baudot code 0 0000x 
- Encoders: The’ following are factors which must be considered in choosing 


an encoder which is to be actuated by the analog servo shaft: 


1. The encoding system must be of a non-ambiguous such that readings 
a can be taken at any desired time and changing from one value to another all aos 
the encoder will not leave a period of “no information.” One of the newest | 
7 techniques is the use of a magnetic field for insuring a positive readout. — ; 7 


. Scale Factor - a disc type encoder allows bas scaling of the var variable to 


bS 4. Number of significant figures that can be ease on the disc. Encoded “ae 
or formation is transmitted in a sequential fashion and the number of active __ 


_ digits are a function of the code and disc which are being used. 


‘Figure 1 13 shows a code disc employing Baudot code. ' This disc employs | three 
significant figures of 5 bits each. These are located radially outward in \dis- 
crete circumferential positions. as total | count contained on the 300° active 


Portion of of this disc is 0 to 999. 


 Peletype (Baudot Code) (5 bits) 
| 00x 00000 
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_ Digital Data: Transmitter - Receiving and Checking Units =| 


information at standard teleprinter transmission speeds. The resulting coded 
Signals can be transmitted in the same way as any normal telegraph message; 


Le., it can be transmitted on a d-c basis as a carrier on -off or carrier shift 


— Cote Dine Baudet Code q 
ACCES smits 
25) ations, and tran 
the oy ts indentifica q 
4 = for serial tran 
— (bit) code — 
ecraph 
i fer a multi f equency “4 
ansmitted over a tandard voice fr the pur- 
on Or it Can De tral modated in as ter Station 
1 ransmussion, may be twice to the Mast 
Tier sy figure is tran transmitte Digital Sys ing” 
Each digit check of the iving units in In the ‘loggi 


Figure 14. Digital D Data Telemetering Units. 


Photos Courtesy: Northeast Electronics, Concord, New Hampshire. 


receiver the incoming signals are registered and then checked for correct- _ 


ness of transmission. Whenever the checking indicates correct transmission, ., 
the signals are transmitted into an output circuit in normal code and can, — 
_ therefore, immediately operate a printer. When the transmission check 
_ shows errors in transmission, the printer can print a question mar mark. » 
a Sample Log Using Communications 


June 1958 - 3:00 


suction 


7 ih the “data- -display” receiver the initial stages are | the same as in the 
: “logging” - receiver. "When the transmission has been checked and found to be 
correct, the signals are applied to | a distributor | which assigns them to the q 


_ proper display unit, where the received data are stored between transmis- 
sions and displayed. the display is of the type which shows each” 


The readout in this can be initiated by a preset | programming 
— can be initiated manually from a central control point; it can _ 
_ be initiated whenever the changes in one of the parameters exceeds a certain 

— ‘limit; or it ¢ can any combinations of these factors (see 


; 1. Only a single circuit is required to connect all remote locations. ‘This mo 
need only be used a very small percentage of the time for data _ 


7 handling and is free for administrative remainder of 


~ sion to the Dispatching Point for logging or displa a Nee 


_ 3. Accurate data, encoded at the source, , combined with accurate digital - 
_ transmission. _ No loss of accuracy as a result of transmission ielagicn 
so that full transducer accuracy is maintained. _A digital system logs or 


og 
= 


Automatic measuring, encoding, transmitting and logging eliminates human 


5. Automatic or manual and self interrogation remote stations for iielitont. ne 


6. Permanent, clear record in digital form permits ‘storage of large volume © 
data in a small space, convenient and 
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“Building block concept permits expansion and increased sophisti 
Be cation to include additional functions when required without buying or rent 
ing additional communication channels. 


8. There. are no continuously moving ait & ina digital telemetering system 
nn operates in conjunction with null balance measuring and encoding in- 
Ts _ Struments. _ The system is completely passive unless a measured variable 

angee or the system is transmitting data to the master control ae 


more accurate information makes possible greater 


economic return on the total capital investment. | 


- 10. In the future, when installations such as pipelines and waterworks become — 


. fully automated, _ information | is already i in 1 accurate form for presentation — 


SUMMARY 
The detailed extent to which a a pipeline system is 
many factors. It is not enough to just run product through a line without giv- — 
_ ing serious regard to maximum economy. Application of sufficient instrumen- 
tation and the correct instrumentation is necessary if maximum return on the 
pipeline investment isto be realized, 
_ Prime considerations must be given to providing an instrumentation Sys- 
Te at permits optimum pipeline operation to be “maintained at all times. al 
This automatically allows for greatest through | put at minimum cost, with 


control and systems: 
Dynamics of the ‘complete pipeline system 
4 3.  Deneanics of instrument, systems, control loops : and telemetering 
systems. 
4. Optimum conditions of operation 
eX . Increase in pageenqneene that can be attained by increased accuracy 


7. Complete instrumentation and control 


Communication| (number of channels needed) costs or rental 


an 
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us the foliowlng general items mus e Carefully evaluated in e early 
desieon staves of the pipeline itself with respect to prover instrumentation 1 
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. Self control circuits 
Installation costs 
. Personnel and other op operating 
. Cost of modifications or expansion (flexibility) 
k. Fiscal and/or political technological or 


Radicons in mind that t computer results are no no better than the information a 
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Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To locate 
papers inthe Journals, the symbols after the paper number are followed by a numeral designating the issue — 
of a particular Journal in which the paper appeared. For example, Paper 1859 is identified as 1859 (HY 7) 
which indicates that the is contained in the seventh of cee the Division 
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), 1495(EM1), 1496(EM1), 1497(IR1), 1498(IR1), 149001), ‘1500(IR1), 1501 
1503(1R1), 1504(1R1), 1505(1R1), 1506(IR1), 1507R1), 1508(ST1), 1509(ST1), 1510(ST1), 1511(ST1), 
1512(ST1), 1513 WW1), 1514(WW1). -1515(WW1), 1516(WW1), 1517(WW1), 1518(WW1), 1519(ST1), 1520 
(EM1)°, 1521(IR1)° , 1522(ST1)°, 1523¢Ww1)*, 1524(HW1), 1525(HW1), 1526(HW1)°, 1527HW1). 


FEBRUARY: 1528(HY1), 1529(PO1), 1530(HY1), 1531(HY1), 1533(SA1), 1534:SA1), 1535(SM1)__ 
1536(SM1), 1537(SM1), 1538(PO1)°, 1539(SA1), 1540(SA1), 1541/SA1), 1542(SA1), 1543/SA1), 1544(SM1), 
1546(SM1), 1547(SM1), 1548(SM1), 1549(SM1), 1550(SM1), 1551(SM1), 1553(PO1), 


1560(ST2), 1561(ST2), 1562(ST2). 1563(ST2), 1564(ST2), 1565(ST2), 1566(ST2), 1567(ST2), 1568 


(WW2), 1569(WW2), 1570(WW2), 1571(WW2), 1572(WW2), 1573(WWw2), 1574(PL1) , 


APRIL: 1580(EM2), 1 1581 1582(HY2), 583(H¥2), 1584(HY2), 1585(HY2), 
(HY2), 1589(1R2), 1590(IR2), 1591(1R2), 1592(SA2), 1593(SU1), 1594(SU1), 1595(SU1), 1596(EM2), 1597(PO2) 
PO2), 1599:P02), 1600(PO2), 1601(PO2), 1602(PO2), 1603(HY2), 1604(EM2), 1605(SU1)¢,1606(SA2), 
1607(SA2) 1608(SA2), 1609(SA2), 1610(SA2), 1611(SA2), 1613(SA2) 1614(SA2)°, 1615(IR2)°, 1616 
(HY2)¢, 1617(SU1), 
MAY: 1621 (HW2), 1622(HW2), 


(ST3). 1630(ST3). 1631(ST3). 1632(ST3), 1633(ST3), 1634(ST3), 1635(ST3), 1636(ST3). 1637(ST3). 1638(ST3). 
1639/WW3). 1640(WW3), 1641(WW3), 1642(WW3), 1643(WW3). 1644(WW3), 1645(SM2). 1646(SM2), 1647 
‘SM2). 1648/SM2). 1649(SM2), 1650(SM2). 1651(HW2), 1652(HW2)°. 1653(Ww’3)°, 1654(SM2), 

JUNE: 1658(AT1), 1659(AT1), 1660(HY3), 1661(HY3), 1662(HY3), 1663(HY3), 1664(HY3), 1665(SA3), 1666 

 (PL2), 1667(PL2), 1668(PL2), 1669(AT1), 1670(PO3), 1671(PO3), 1672(PO3), 1673(PL2), 1674(PL2), 1675 
(PO3), 1676(POS,, 1677(SA3), 1678(SA3), 1679(SA3), 1680(SA3), 1681(SA3), 1682(SA3), se83(PO8), 1684 
86(SA3), 1687(PO3), 1688(SA3)°, 1689(P03)°, 1690(HY3)°. 1691(PL2)°. 


1693(EM3), 1694(ST4), 1695(ST4), 1696(ST4), 1697(SU2), 1698(SU2), 1699(SU2), 1700(su2), 
1701(SA4), 1702(SA4), 1703(SA4), 1704(SA4), 1705(SA4), 1706(EM3), 1707(ST4), 1708(ST4), 1709(ST4), 1710 

1711(ST4), 1712(ST4), 1713(SU2), 1714(SA4), 1715(SA4), 1716(SU2), 1717(SA4), 1719 
1720(SU2), 1721(ST4)°, 1722(ST4), 1723(ST4), 1724(EM3)°. 
AU 


GUST: 1725(H¥4), 1726(HY4), 1727(SM3), 1728(SM3), 1729(SM3), 1730(SM3), 1731(SM3), 1732(SM3), 173 
_- 1734(PO4), 1735(PO4), 1736(PO4), 1737(PO4), 1738(PO4), 1739(PO4), 1740(PO4), 1741(PO4), 174 
4(PO4), 1745(POA), 1746(PO4), 1747(PO), 1748(PO4), 1749(POA). 


1758(STS), 1759(ST5), 1760(STS), 176i(8TS), 1762(STS), 1763(ST5), 1764(STS), 1765(WW4), 1766(WW4), 
1 767(WW4), 1768(WW4), 1769(WW4), 1770(WW4), 1771(WW4), 1772(WW4), 1773(WW4), 1774@R3), 
_1776(SAS), 1777(SA5), 1778(SA5), 1779(SA5), 1780(SA5), 1781(Www4), 1782(SAS) 1783(SA5) 
IRS}, 17es(wway®, 1787(STS), 1788(IR3) 


4 179002 M4), 1791(EM4), 1792(E M4), 1793(EM4), ‘H 
1798(HW3), 1800(HW3), 1801(HW3), 1802(HW3), 1803(HW3), 1804(HW3), 1805 {HW3), 


 (HY5S), 1807(HY5). 1808(HY5), 1809(HY5), 1810(HYS), 1811(#1175), 1812(SM4), 1813(SM4), 1814(ST6), 1815 
(ST6), 1816(ST6), 1817(ST6), 1818(ST6), 1819(ST6), 1820(ST6). 


(SMA), 1829(HW3)", 1830(PO5)°, 1 1831¢ 


1838(6A8), 1836(8T7), 1837(ST7), 1838(ST7), 1839(ST7), 
1845(SU3), 1846(SU3), 1847(SA6), 1848(SA6), 1849(SA6), 


(WW5), 1877(CP2), 1878(ST8), 1879/ST8), 1880(HY7)°, 1881(SMS5)°, 1882(ST8)°, 
1885(CP2)¢, 1886(PO6), 1887(PO6), 1888/POS), 1889(PO8), 1890(HY7), 1891(PPI). 


1883(AT1), ( | 18070601), 1898(EM1), 1899(HW1), 
1900(HW1), 1901(HY1), 1902(HY1), 1903(HY1), 1904(HY1), 1905(PL1), 1906(PL1), 1907(PL1), 1908(PL1) 


1909(ST1), 1910(ST1), 1911(ST1). 1912(ST1), 1913(ST1), 1914(ST1), 1915/ST1), 1916(AT1)°, 1917(EM1)° 
1918(HW1)°, 1920(PL1)°, 1222(sT1)°, 1923(EM1), 1924(HW1), 1925(HW1 


a The technical papers published in the past year are identified by number below. Technical-division Pe s 
sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols referringto: Air 
| 
Be 
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4 
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DECEMBER: 1859(HY7), 1860(IR4), 1861(IR4), 1862(IR4). 1863(SM5), 1864(SM5), 1865(ST8), 1866(ST8), 1867 
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— 
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Proceedings of the American Society of Civil E ngine 


January, 1959 


’ re The Pipeline Division was inaugurated in Octobe? 1956 with 90 volunteer _ = 
tel (now about 450 affiliated members) with the following purpose: 


ordinate economic development and construction of engineering ae 

projects in connection with the transmission of liquids, gases or 
solids by means of pipelines and as it pertains, in particular, to Pesce 
science of civil engineering in the fields of surveying and line lo- _— 
cation, design, construction and operations, and to promote ai and es 
further the mutual utilization of the established codes for pressure. ~ aa 


piping as between and railroad groups 


Executive Committee 


Ine. ,, 4270 Austin Blvd., Island Park, N. Y.; Vice Chairman Fred C. Culpepper “aad 
Or. (1960), Project Mer ., Ford, Bacon & Davis, Inc., Monroe, La.; William — = 
TT. Ivey (1961), Chief Statistician & Planning Engr., ‘Southern Natural Gas Co., 
Ala.; Joe E. ‘Thompson (1962), Supt. of PL Constr., Natural 
- Gas Pipeline Co. of America, Chicago, Ill.; Secretary Joseph B. Spangler, 
be Valuation Engr., Transcontinental Gas Pipe Line Corp., , Box 296, Houston, 
: Texas; Board Contact Member John E. Rinne (1959) , Superv. Civil & Archit. 
Standard Oil Co. of California, San Francisco, Calif. Fred 
"Culpepper acts as Coordinator for Programs and William T. . Ivey as Coordi- me | 
a e: to advise the Executive Committee of this on on awards 


and prizes, policies, appointments, and Programs. 


— No. 1959-4 is part of the copyrighted Journal of the Pipeline Division, Proceed-_ jam 
ings of the American Society of Civil Engineers, Vol. 85, PL 1, 1959. 


ican of Civ 
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Sanuary, , 1959 a 


., Alberta Gas Trunk Line Co. Ltd, 
Paul, “Chief Ener., Natural Gas Pipeline Co. of America, 
- William B. Poor, V. P., Ford, Bacon & Davis, Inc., New York, N. Y.; Duane _ 
: a P. Sula, Bec Bechtel htel Corp., ‘San Francisco, nig . There is ‘no chairman « of this this 


Purpose: to administer the solicitation, review and editing of papers in 
the field of interest of this division, subject to review of procedures by ~<a 
Executive Committee of this division, and in accord with policies established 4 


Chairman Robert D. Kersten, , Civil Eng. State 


‘University, Stillwater, Okla.; Robert B. Banks, Technological Institute, North- 
University, Evanston, I Il. ; ; David R. Jenkins, ‘University of Michigan, 


Ann Arbor, Mich.; Adam Sommer, Alco Products Div., American Locomotive 
“This che. F issue of the Pipeline Division JOURNAL is the sixth since 


inauguration. previously p published of publication): 


Hunt, Asst. Constr. Mer. ‘Ebasco Services, Inc. N. y. 
_ ECONOMICS OF PIPELINE FINANCING, Chas. J. Hodge, 


partner Glore, Forgan & Co., N. Y. (Dec. 1955). al aa 


STRESSES IN PRESSURE PIPELINES AND PROTECTIVE 
CASING PIPES, Prof. M. G. Spangler, Iowa State | College, 


1193 ‘DESIGN AND STRENGTH OF WELDED PIPE LINE BRANCH > 
CONNECTIONS, E. Rodabaugh, Senior Research Engr., 
Rd and H. H. George, Mgr. of Research Section, Tube Turns, ms 


eu Na National Co., Louisville, Ky. (March 1957) 
= ne why FLOW OF NATURAL GAS IN PIPELINES, William T. * slo 
Chf, Statistician & Planning Engr., ., and James H. Dorough, 
Planning Engr., Southern Natural Gas Co., Birmingham, Ala. 


(March 1957 - corrections Sept. 1957), 
PREDICTIONS OF SURGE PRESSURES IN OIL PIPELINES, 


_ Robert D. Kersten, Research | Engr., The Carter Oil Co. ey _— 
Tulsa, Okla., and Edwin J. Waller, Associate Prof. of Civ. 
“Oklahoma Inst. of Technology, Okla. A & M College, 


Stillwater, Okla. (March 1957 discussion Sept. 1957, closure 


B. Combs, Rear Ac Troy, N. Y.; Baxter ‘Le: 
Polytechnic Institute, yn Corp., Shreveport, La.; 
— 
| 
— 
— 
— 
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— 
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— 
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"Pipeline Division 


_ STREETS, James C. Fisher, Senior Engr., Consolidated 

Edi 


son Co. of N. , Inc. N. Y. (June 1957 4 
SECONDARY STRESSES IN LARGE- DIAMETER PIPELINES, 
M. McClure, Asst. Chief, Applied Mechanics Div., 
Battelle Memorial Inst., Columbus, Ohio (June 1957). 


vr ln PIPELINE RIVER CROSSINGS, Leo M. Odom, Pyburn & Odom = 
Cons. Engrs., Baton Rouge, La. (June 1957). 
HYDROSTATIC TESTING OF PIPELINES, L Leon E, Brooks, 
Chief Engr., Williams Pressure Service Co., La. 
Sept. 1957 - discussion and closure June 1958). 
SURVEYS FOR OFFSHORE PIPELINES, Clyde f 
Aldridge, Asst. Chief Engr., Mid- ‘Continent Co. 


Tulsa, Okla. (Se 


Studdert Engrs., In , Inc., 221 South Colorado, Midland, Tex. 


7) 


COMPUTERS APPLIED TO PIPELINE DESIGN, 


— EL Paso ‘Natural Gas | Co., El Paso, . (March 1958) ie 


xe WATER DISTRIBUTION PROBLEMS SOLVED BY NETWORK 
CALCULATORS, L. M. Haupt, Prof. of Electrical 
A&M College of Texas, College, Tex., and Supervisor of 
< 


Network Calculator, Texas A& M Research Foundation 


HIGHWAY ENGINEERS AND ‘CAN SOLVE 
sity - MUTUAL PROBLEMS, C. D. Richardson, Asst. Supt. of Pipe- 
l Gas Pipe Line Corp., Houston, Tex. 
ig cp 
EQUATIONS FOR} NATURAL | GAS PIPELINES, R. 
‘Bukacek, Instructor, Chem. Eng Illinois Tech- 


» Chicago ‘Survey, F Franklin Park, 
METHODS, A. G. Barkow, Supt. of Inspection, Natural Gas 
Pipeline Co. of America, Chicago, Il. (June 1958), 
FUTURE PROSPECTS FOR INTERNATIONAL 1 PIPELINES, 
William R. -Connole, ‘Federal Power Commissioner, 
a In addition to the above Proceedings papers, the following papers wv wer 
; published in the monthly CIVIL ENGINEERING magazin Phin 


cs 4 COMPETITION BRINGS ECONOMICS TO THE FORE IN GAS PIPELINE | 
TRANSMISSION, Wm. B. Poor, Mer., Pipeline Constr., Ford, Bacon & 
Davis, Inc., N. Y. (Nov. 1954). 
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THE) CARRIES TH THE PUNCH, Ss. D. sturgis, Major General, 


US. S. Army, C of Engineers, Washington, D.C. (Dec. 1954). 


__ pIpELINES—A MAJOR AMERICAN INDUSTRY, E. V. Hunt, Chief Engr., 


he Alberta Gas Trunkline Co. Ltd., » Calgary, Alberta, Canada (Oct. 1955) Be 
PIPELINES— —A FIELD FOR CIVIL ENGINEERS, ‘Stephen D. Bechtel, 
Senior Vv. P., Bechtel Corp., San Francisco, Calif. (June 1956). 
‘ARABIAN PIPELINES, George D. Hartley, Constr. , Arabian 
Oil Co., Dhahran, Saudi Arabia (June 1957). 


_ PIPELINING IS ENGINEERED DESIGN, CONSTRUCTION, MAINTENANCE > 


AND OPERATION, L. B. Combs, Rear ‘Admiral, ‘CEC USN (Ret.), Head, 


Dept. of Civil Eng., Rensselaer Polytechnic Institute, Troy, N. Y. ‘(April — 


PIPELINING IN MARSH, SWAMP AND OPEN WATER, William T. Ivey, S 
Chief Statistician and Planning Engr., Southern Natural Gas Co., Rey 


TRANSACTIONS of Proceedings » with dis- 
_ cussions, are available monthly at an annual subscription rate for members, 
such as $2.00 for paper | binding. 1958 Volume 123 was ted in 
_ Reprints of PROCEEDINGS papers may be obtained from Headquarters. oe 
Every ASCE member can be registered in two of the Technical Divisions and 
receive automatically all papers sponsored by those Divisions—use the Di- : 
vision Enrollment FORM which appears monthly in CIVIL ENGINEERING. | 
In addition to those papers sponsored by the Divisions in which he is regis- —— 
& a member is entitled | to 100 different papers during the fiscal year be- = 
ginning October i—order by serial number using the blank form in _ 


addition to all by two Divisions and an ad- 


3 
4 


‘cations are free to members and should be used bya all ¢ committee workers: 


Current issue, July 1958. Free on individual reqest 


Official Register. . General information regardi 


cers, committee personnel, constitution and bylaws, rules of 
_ procedure, , local sections, student chapters, medals, and prizes. Issued — 
oe. annually (in February) and mailed without request to every member. 
j 8 Technical Division Handbook. Rules of procedure for all technical di- ee 
Session Planning Handbook. ‘Suggestions for Arranging Program 
2 and Conducting Sessions for Meetings. Free on request from head- 4 4 


“So You’ re Going to Present a Paper.” oy ‘Free on request from head- 
6. Technical Publications Handbook. Requirements for manuscripts i 
é 


we 
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Minutes of executive committee open meetings, the Division 
am Annual (September) Report, rosters, and routine notices are mailed d by 

8. Division Roster. Names, mailing addresses, committee workers— 
current list dated August 1, 1958. Free on request from Division 


Executive | Committee has requested each committee, task ¢ com- 


task group to expand the Committee on Publications, 
‘These special Task Groups on Publications will solicit technical papers bf ane 
and discussions for publication. See the fly-leaf of any Journal for the basic 
requirements for manuscripts. Papers received for publication will be 

_ recommended by Publications to Session Programs for future scheduling of __ i 
presentation at convention meetings and local section or branch meetings. = 4 


Unsolicited manuscripts are especially welcomed. If you have anideafora 

‘paper, communicate with Chairman Kersten of Publications, or the Division _ ad 
‘Secretary, who will give you a helping hand—the main purpose of the Pipeline — a 
- Division is to disseminate information to the profession and our publications ~— 


3 are of first importance for all of our technical committee activities. 


Membership 


K Purpose: to attract new members with publicity of division activities and : 
a to assist Local Sections in organizing pipeline committees or “divisions” _ 
ee Chairman Donald M. Taylor, Consultant, Industrial Public Relations, and eo 
_ Market Applications of Products, 1345 Chamboard, Houston, Texas; Arthur T. _ 
Everham, President | Midwestern Contractors, Inc., 130 W. Liberty Drive, 
Wheaton, Ill.; Eldon V. Hunt, Gen. Supt., Alberta Gas Trunk Line Co. Ltd., 
Calgary, Alberta; Joseph B. Spangler, Valuation Engr., Transcontinental Gas a 
Pipe Line Corp., Houston, Tex, 
we During 1958 the Pipeline Division participated in local programs of the <n 
San. Antonio Branch and the Houston Branch of the Texas Section, andthe 
Tulsa Branch of the Oklahoma Section. At San Astonio , in April, C. D. 
Richardson of Transcontinental Gas Pipe Line Corp. presented a talk illustrat-_ 
with slides on “Highway Engineers and Pipeliners Can Solve Mutual 
a Problems”—he was presented by J. John Koy of United Gas Pipe Line Co. ice fc a 
who isa committee worker in Session Programs. . At Houston in October, 


C. Hughes, Jr. of Pipe Line’ Technologists, Inc. talked on “Civil Engi- 
_heering of Pipeline Projects with movies of design and 


| 
| 
a 
4 al 
a 
4 
4 
4 
| 
2 
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E Fred E. Culvern of Williams Brothers Co. presented : a movie on on . pipeline con- + 
- struction and outlined our division activities. All programs were reported to 
be well received and have resulted in additional member affiliates to. our = 


ings upon request to the Committee | on 
J 


Purpos se: to administer the procedures necessary for preparationof 
- programs for sessions sponsored by the division at conventions of the Society _ 
_or elsewhere, subject to review of procedures by the Executive Committee of 
this division, and in accord with policies established by the Society. pa orer. 7 
‘o Chairman Robert E. Kling (1959), Constr. Engr., , Mississippi River Fuel 1s 7 
_Corp., 407 N. 8th, St. Louis, Mo.; ; Donald E. Adams (1960), V. P., HallenCon- 
struction Co., Inc., 4270 Austin Blvd., Island Park, N. Y.; J. John Koy (1961), ee 
‘District Engr., United Gas Pipe Line Co., Box 421, San Antonio, Tex.; ool a 
P, Smith, Bechtel Corporation, 141 Battery San Francisco, Calif.; Execu- 
tive Committee Contact Member and Coordinator for Programs Fred C. 
_ At the Cleveland convention, in May, papers will ll be presented on the Con- oe 
solidation Coal Co. pipeline project as a joint session with the Power Di- 


vision. 1. A field trip is being sponsored by the . Cleveland Electric Sinaia 


Complete details will appear in April issue of CIVIL ENGINEERING. 


dar—Nation 


_ Washington, D. C.—Oct. 19 - 23. = 
pril | 10 - 14, 
1962 - Houston—-Feb. (dates n not 
Task Committee on Fi Film Libra rar 
_ Chairman Donald E. Adams. A nae of 27 films was completed abouta _ 


7g r year ago. ir ago. These films were selected, Rot « only for the portrayal of the various e oe, 
Be phases” of the pipeline industry, but also so that Local Sections and Student a te 
i: Chapters would have a source of supply geographically near at hand. Distri- — a a 
bution of this listing was made by headquarters. Other Anaery sources have hi e 
additional films and certain pipeline associations’ listings are 4 
_ being scanned, so that the list is now being revised and increased to about »: es: nies 
total of 40 films. _A copy of this new listing is available upon request from : ee 


> 4 
bor, 
— 
— ts a 
4 
— 
— 
| 
| a 
= 
¢ 
9 


ment Engr., Johns-Manville Research Center, 362 Farley Ave., Scotch Plains, 
__N. J.; Fred B. Porter, President Southwestern I Laboratories, Box 1379, Fort. 


Pi eline Division 


Task C on Pipeline Conferences 


_ Chairman Arthur E. Poole. This committee is reporting on a theme, — 
recommended date, and personnel for for a future pipeline conference. = 


"Purpose: to’ initiate, organize and coordinate programs of research in the — 
field of interest of the Pipeline Division, 
Chairman Robert B. Banks, Dept. of Civil Engineering, Northwestern ae a 
_ versity, Evanston, Walter H. Cates, Mer. Hydraulic Div., , Consolidated 
Western Steel Corp.; 5700 S. Eastern Ave., Los Angeles, Calif.: ‘James 
Fisher, Senior Engr., Consolidated Edison Co. of New York, Inc., , 4 Irving 
Place, New York 3, No Y.; Prof. Edwin os Harrington, , Dept. of Civil Engr., 
A&M College of Texas, College Station, Texas; Douglas L. McGill, ‘Develop- 


Worth 1, Texas; Billie J. Roberts, Asst. Research Engr., 


‘ ‘Pipe Line Co., 1221 Baltimore, Kansas City, Mo.; Prof. Merlin G. Spangler, 


Research Prof., Civ. Eng., Iowa State College, Ames, Iowa; Harold L. White, 
my , American Pipe & Construction Co., 4635 Firestone Blvd., South Gate, c 


Calif. ; ; A. B. Wilder, Metallurgist, National Tube Div., U. S. Steel Corp., 


525 William Penn Place, Pittsburgh 30 , Pa. ; Thomas F. ‘Wolfe, Managing = = 
Director, Cast Iron Pipe Research Assn., , Prudential Plaza, Suite 3440, oe 
_ Chicago, Il.; Executive Committee Contact Member and Coordinator for Re- 


a aa A meeting of the control group 1p of the Committee on Research w was held in y 


‘Washington, D. C., ., last September. This was concurrent with a joint confer- — 
i ee of the ASCE, the National Science Foundation and the George Washington on wc 
University. Technical directors of the Engineering Foundation were also in 4 

ae _ Civil engineering aspects of basic research were fully explored. ae 
4s Proposed Research Program. —The first research program of the com- oa a a 
‘mittee is that proposed by James C. Fisher, Chairman of | the Loads, Stresses 4 Ls 
and Design Equations Task Group of the Committee on Pipeline Crossings of 
- Railroads and Highways. This will cover the investigation and determination 
_ of values 3 of | the modulus of passive resistance of the soils surrounding a — 
line crossing and the actual performance of casing pipe in service. _ The esti- 
mated cost is about $52,000. The AGA stated they would consider this lo 
their 1959 9 budget if the total cost was prorated among the interested groups» 
in industry. ‘Chairman J. E. Thompson of the Committee on Pipeline Cross-__ 
_ ings has contacted his committee members representing the AGA, SGA, __ 


a _PCGA, CGA, API, and AREA for their support in securing financial | aid tom = 


their member organization. — Additionally, the highway interests have been 


Prof. M.-G. Spangler of lowa State College will conduct the research 


_ program. The program as now planned would consist of two projects. 


a number of casing pipes, in locations to provide wide variation in soil wots 
climatic conditions. Three different sizes of open casing without carrier p 


San would be installed under a railroad to obtain readings of heavy loads, at ‘i 
r a locations. If approved, an installation in the mid- ~west would be made ial 


_ Natural Gas Co. of America, in the south- east by 


— 
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“Project No. 2 bea investigation directed toward the 
; a termination of quantitative values of the modulus of passive resistance for +s 
_ several general types of soil under various conditions of density, amare : 
~ content, overburden pressure, size of pipe, and to some extent, under repeat- 4 
ed loading. A laboratory apparatus, for studies of this | kind, has been de- sail 
‘Signed by Dr. R. W. Watkins at Utah State University, Logan, Utah. 


‘Technical Committees 
Pipeline of Railroat is s and 


urpose: to gather and disseminate information on the design and specifi- a 
oie of pipeline crossings as required for railroads and highways, includ- 
- standard construction of of pipelines laid or on rights of way of and parallel to 
railroads and highways; in 1 particular, to supplement work of the Subcom- ¥ 
mittee 8, American Standards Association Code of Pressure Piping, and to > 
- further the mutual utilization of recommended c codes and standardization of _ 
design as between | pipeline, highway and railroad { groups and public authori- oe 
- Chairman Joe E. ‘Thompson, Supt. of Pipeline Constr., Natural Gas s Pipe- <a 
Co. of America, 122 N. Michigan ‘Ave., Chicago 3, Robert F. 
Altmeyer, Senior Engr. and LeRoy F. ‘Busa, Senior Engr., "Natural Gas Pipe- 
line Co. of America (Committee Engineering Assistants); Hubert H. Brown 
Asst. Engr., Constr. and Maintenance, State of Arizona Dept. of Highways, — if 
_ Phoenix, Ariz.; James F. Dear, Struct. Engr., Sun Pipeline Co., Beaumont, = , 
Texas; James 0. Fisher, Senior Engr., Consolidated Edison Co. of Inc., 
4 Irving Place, , New York 3, N. Y.; John G. ‘Hendrickson, Jr., , Research Engr. > 


American Concrete Pressure Pipe Assn., 228 N. LaSalle St., , Chicago 3, D1; , 


‘all 
Commission, Washington, D. C.; Edward F. Kauffman , Asst. "Design Engr.  & 
Specifications, Oklahoma State Highway Dept., Oklahoma City, Okla.; George | 


Washington 4, , C.; ; Hertel 1 C. Misaimer, Supt.-Distrib. Dept., Philadelphia 
Works, Div. of U. ., 1800 N. 9th Philadelphia, Pa.; Sylvester E. 

4 Ridge, Asst. Chief, Div. of Development, Office of Operations, U.S. Bureau | 
of Public Roads, GSA Bldg., 18th and F, Washington, D. C.; R. Robinson Rowe, 
Principal Bridge ‘Engr., Special Studies, Calif. Div. of Highways, Box 1499, 


E. Lewis, ‘Texas Eastern Transmission Corp., Pennsylvania 


B Calif. ; Prof. Merlin G, Spangler, Research Prof. of Civil Eng., 
= Ey State College, Ames, Towa; Arthur H. Stone, Asst. Project Mgr., — 
§ K. Knoerle & Associates, Inc., Consultants for inois Toll Highway Com- 
mission, 155 N. Wacker Drive , Chicago 6, Ill.; A. B. Wilder, Chief Metal- 
National Tube Div. U. S. Steel Corp., ., 525 William Penn Place, 
mo Pittsburgh 30, Pa.; Samuel A. Wilson, . Asst. Chief Engr., Bethlehem Steel Co., 
Bethlehem, Pa.; ; American Railway Engineering Association—COMMITTEE 
3 Hh: J. WwW. Purdy, Maintenance Engr. of Way, B & O Railroad, 600 Temple B Bar ie 
Bldg., Cincinnati 2, Ohio; K. W. Schoeneberg, Div. Engr., | St. Louis - San 
Francisco Railway Co., 100 Garrison Ave., Fort Smith, Ark,; Albert entie. i 
Wegmann, Chief Inspector Bridges & Bldgs., B&O Railroad, Baltimore& fj 
Sts.. , Baltimore 1, Md.; AREA—COMMITTEE #15: Cornelius Neufeld, 
Engr. of Bridges, Canadian Pacific Railway, Rm. 401, Windsor Station, 
a a _ Montreal 3, Quebec, Canada; Southern Gas Association Representatives 
William B. Haas, of Northern Gas Co., 3 Dodge 
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‘Omaha 1, Neb.; 1. Ceci Wray, Chief Engr., , Nashville Gas Co. and ‘Tenn. 
4 Natural Gas Lines, Inc., 814 Church St., Nashville, Tenn.; American i . 
. Standards Association B31 Subcommittee 8 Code for Pressure Piping Rep ing Repre- > 
sentatives: O. W. Clark, V. P. and Gen. Supt., Southern Natural Gas Co., 


Box 2563, Birmingham, Ala.; George D. ‘Mock, Engr., 


Washington Gas Light Co., 1100 H St., Washington, D. C.; AmericanGas 


Re resentatives— —Distribution: Edwin F. Trunk, Chief Engr. 
S: Laclede Gas Co., 3950 Forest Park Blvd., St. Louis 8, Mo.; Ben F. Worley, | 
Supt. of Distrib., United Gas Corp., Box 1407, Shreveport 92, La.; ; AGA—Pipe a 
: § line: Lowell L. Elder, Asst. Supervisory Engr., Columbia Gas —— 


Service Corp., Inc., 1600 Dublin Road, Columbus, Ohio; John F. Schaffer, 
Chief Civil Engr., El Paso Natural Gas Co., Box 1492, El Paso, Texas; 
ha i= 4 American Petroleum Institute Representatives: Wayne T. Corley, Asst. Chi ot : 
Shoeneberg, B. F. Worley, A. ‘AL Stone. 


ar 


Engr., Interstate Oil Pipeline Co., Box 11071, Shreveport 82, La.; H. a 
Chilton, Maint. & Constr. Dept., Service Pipeline Co., Box 1979, Tulsa, ine: > 
Paul D. Fell, Chief General Engr., Sinclair Pipe Line Co., Box 460 
"Independence, Kansas; D. A. oiagae Chief Engr., Phillips Pipeline Co., 670 
Adams Bldg., Bartlesville, Okla.; Ernest A. Slade, President, Okan Pipeline 
Co, 1360 S. Boulder, Tulsa, Okla. ; Dean C. Glass, Mgr., Pure Transportation — 
35 E. Wacker Drive, Chicago Pacific Coast Gas Association 
Representatives : John T. Wootan, Supervisor of Contract Constr., Southern . ‘* 
Calif. Gas Co. , Box 3249 Terminal Annex, Los Angeles 54, Calif.; Arthur B. — 
Alllyne, “Pacific Northwest Pipeline Corp., Box 1526, Salt Lake City, 
Utah; , Canadian Gas Association | Representatives: : Eldon V. Hunt, Gen, Supt., — 
The Alberta Gas Trunkline Co., Ltd., 320 - 9th Ave. West, Calgary, Alberta, 
Canada; R. H. Lockwood, ‘Trans- Canada Pipelines Ltd., , 92 ‘King ‘St. t. East, 


; et The sub-committees as now functioning are as follows: 
Policy and Advisory Subcommittee: D. Mock, Chairman. 
Task Group on Definitions A. Roach, Chairman, K. W. 
Task Group on & Format: : E. _F, Trunk, Chairman, C. 
bs _ Fisher, W. B. Haas, J. G. Hendrickson, G. E. Lewis, R.R. Rowe, | 


KW. Schoeneberg, E. A. Slade, A. B. Wilder. 
haa Task Group on Advisory: R. R. Rowe, Chairman, L. L. Elder, __ 
* id D. Mock, D. A. Roach, E. A. Slade, K. W. Schoeneberg, E. F. 
Task on bk Elder , Chairman, W. B. Haas, G. 


ap Task Group on Materials: A. B. Wilder, Chairman, W. T. Corley, — 4 
G. Hendrickson, G. E. Lewis, C. Neufeld, S.A. Wilson, 
2. Task Group on Loads, Stresses and Design Equations: J. C. Fisher “ 


Chairman, M. G. ‘Spangler, Vice Chairman, Chilton, 
2 Clark, L. L. Elder, G. Hendrickson, Cc. T. Kallina, G. D. Mock, 
wtock, Cc. - Neufeld, D. A. Roach, R. R. Rowe, E. A. Slade, A. J. Wegmann. a 


: (Construction & Maintenance Subcommittee: W. B B. Haas, Chairman, 


1. Task Group on on Alignment and Location, Construction and Maintenance 
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- The ASA B31.1.8 Code for Pressure Piping specifies that “casings shall a 
= be designed to withstand the superimposed loads” without definition of such 
_ load. The committee is attempting to write a specification of such a load. — my, a 
The Design Subcommittee and several subcommittee chairmen met in 


Yor last October to resolve several dissensions which have been made ee. 


mission to the organizations and agencies represented, for final sub- 
mission to the ASA B31 Sectional Committee. ‘cot 
Pipeline Desi Specifications and yeratil Standards 


‘This is being replaced by three new technical committees ‘which 


Pur 


> ~ Chairman Charter L. Shea, Senior Project Engr., Products Pipe ar 
i Shell Oil Co., 8500 N. Michigan Road, Indianapolis 8, Ind.; Dr. Pietro Pag D. 
- Celestre, Via Guido Reni 32, Rome, Italy; S. Mark Davidson, Chief Engr., 
Thompson Pipe & Steel Co., 2432 S. Jasmine St., Denver 22, Colo.; Clarence _ 7 
wW.E. . Davies, Project Engr., Alco Products, Inc. , 320 S. Roberts Road, panes sy 
Dunkirk, Richard Div. Midwest Div., ‘The 


Prof. , Univ. of Michigan, 1620 Saunders Crescent, Ann Arbor, Mich.; ; Fred 
a Chief Valuation Engr., Shell Pipe Line Corp., Box 2648, Houston Bees 
Texas; Henry H. List, Asst. Chief Engr., Shell Pipe Line Corp., Box 2648, 
4 “Houston 1, Texas; Alexander C. McLaughlin, Senior Design Engr.. , American — aa 
~— Oil Co. 74 Rochester Ave., Long Beach, Long Island, N. Y.; Jack W. Pierce, 
= _ Superv. of Design Engrs., Southern California Gas Co., Box 3249 Terminal oo. 
-. ta Annex, Los s Angeles, Calif.; Mercel J. Shelton, Deputy Director, Calif. Dept. 
Hs a Water Resources, Box 1079, Sacramento 5, Calif.; Adam Sommer, Alco | 
a Products Div., “American Locomotive Co., 25 Greco Lane, Dunkirk, N. Y.; ‘es 
_ Joseph B. B. Spangler, Val. Engr., Transcontinental Gas Pipe Line Corp., Box ae 
z 296, Houston, Texas; William T. Theis, V. P., Internal Pipeline Maintenance be i 
Co., 2105 N. Jackson, Odessa, Texas; Samuel A. Asst. Chief 


The a assignment of the following task group committees have 


_ Anchorage for Piping and Manifolds 4, 
te Task Committee on Compilation of a Biblio ra phy Materials 
on Pipeline Design and Construction: Chairman M. J. Shelton, C. W. Davis, 
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‘Pipeline Division 1959- -4--11 
‘Hendrickson, F. J. Stastny. This committee has completed 
7 a bibliography : as an ‘ “interim report” for publication : in the division Journal x 
ss for review and comment by the membership. It is proposed that a final re- 
port will be issued after an adequate period has been allowed for criticism © 
and discussion by the division. At that time a decision will be made as to the 
- desirability of further action toward preparing this material for publication 4 4 
as a Technical Manual. This Task Committee will be terminated after a final F ae 
report has been issued and periodic revision of the Bibliography can be ac- 
af 
c complished by the formation of new Task Comaniticees 3 as circumstances indi- 
‘Task Committee on Investigation of Governmental Regulation of Pipeline 
- Design and Construction: Chairman L. E. Hoffmann, Jay Ball, H. J. Chapton, 
_ Richard Garnjost, Ralph C. Hughes. This group has completed a listing of is 
all k known State and Federal Regulations affecting pipeline design and 
- struction and has noted provisions which vary from the ASA Code B31.1. 
= listing is being submitted for publication as an “interim report” and the ) 
final report will consider comments or discussion and will include Canadian 
Provincial regulations which are presently being g obtained by the Task Com- - 
and to disseminate this information to ‘the profession. 
Chairman (to be appointed). Volunteer workers at this writing: Ball 
Supervising Engr., Texas Eastern Transmission Corp., , Box 1612, Shreveport 
94, La.; Herbert J. Chapton, Projects Design Engr. , Los Angeles Water het, : 
_ System, 800 Patterson Ave., Glendale 2, Calif.; John G. Hendrickson, icc. 
_ Research Engr., American Concrete Pressure "Pipe Assn., 228 N. LaSalle § St. ie 
Chicago, Ill.; Robert Rupley, ‘Midwest Construction Co., Inc., 2075 S. Belmont 
, Indianapolis 21, Ind.; Robert L. Schneider, Mgr. Eng. Services, Owens- 
4 Corning Fiberglas, Toledo, Ohio; James H. Spracklen, Des. Engr., » Trans- oat 
_ continental Gas Pipe Line Corp., Box 296, Houston, Texas; : Francis. J. , , 
‘Stastny, Sr. Engr., Texas Eastern Transmission Corp., 3923 Milton St. oom 
The of task group committees have been for: 


@ 


= Operation am and 


Purpose: investigate and correlate studies pipeline operation and 


maintenance, to cooperate with existing organizations in the accomplishment be a 
of this’ purpose, to disseminate this information to the profession. 
_ Chairman (to be appointed). Volunteer workers: Ralph C. Hughes, — i 
Pipe Line e Line Technologists, Inc., Box 6957, Houston 5, Texas; Robert D. ee 
 MeClintock, & Mgr. of Operations, American Louisiana Pipe Line 
3600 Penobscot Bidg., Detroit 26, Mich. _ 
‘Suggestions: for | task group committee 
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and Maintenance Cost Studies 
3 Techniques for Line Replacement and Repair 


some extent, been limited to a relatively small group involved in the | original 
~ 4 organization of the Pipeline Division. In order to provide a broader base = 
Cones activities, please complete and return the form on the last 
_ Future assignments of chairmen and members to the various Committees | 
‘will be made on the basis of replies to this questionnaire. 
Volunteers for the above three new committees on Pipeline Planning, ‘Pipe-_ 
a, line Installation, and Pipeline Operation and Maintenance are specially 


= _ It is intended that each Committee shall be entirely free to pursue i 


3 The to the various divisional Committees has, 


x any activity within the broad scope of its stated purpose. _ Organizational sick = 
meetings will be held at Cleveland in May in conjunction with the ‘Society con- eT 3: 
vention. “Control group” members, not over five in each committee or task 

‘group, will be be appointed as recommended by the various Chairmen. 


entitled to reimbursement by the Society for travel expense to committee — 
meetings when authorized by headquarters. 


Pipeline Flow 


flow of liquids and gases, , cooperating with the 

chanics, Hydraulics and other divisions of the Society and with other organi re ‘7 

zations engaged in similar or related activities in accord with policies oe 

_ tablished by the Society, and to disseminate such knowledge in the form | ao 

articles, papers and discussions in publications of the Society. 
Chairman William T. Ivey, Chief Statistician & Planning Engr., ‘Southern 
Natural Gas Co., Box 2563, Birmingham 2, Ala.; Michael D. Altfillisch, ae 
Norwood Controls (Detroit. Controls Corp. 934 Washington St., Norwood, 
Robert B. Banks, Dept. of Civil Eng., Northwestern University, 


= Evanston, Ill.; Edwin L. Harrington, Dept. of Civil Engr., A & M College of 


Texas, College Station, Texas; George D. Hartley, Constr. Eng., Arabian 
"American Oil Co., Box 596, Abqaiq, Saudi Arabia; Robert D. Kersten, Pro- et 
,* fessor, Civil Eng. Dept., , Oklahoma State ‘University, Stillwater, Okla.; ‘David 
p. ce King, Rate Engr., Southern Natural Gas Co., Box 2563, Birmingham, Ala.; 
_ Walter L. Moore, Civil Eng. Dept., , University of Texas, Austin, Texas; ‘< 
» Edwin J. Waller, Assoc. Prof. of Civil Eng., Oklahoma State University, ak 
= This committee will solicit papers on research activities in the area of ie . 
interest, cooperating with other ‘divisions and organizations, , for presentation 
at meetings and the with appropriate discussion, in 1 the various 


manu 


-liquid Dual Flow - petroleum 
solid Dual Flow - petroleum 
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hibit such properties 


7 Volunteers for these task ¢ roup 

"mended members to head the Samael groups will be discussed between the 

_ committee . members since such choice / would largely determine the onal 

to be obtained. Chairman Ivey is the contact member in the Committee - 


Purpose: to make available to the engineering profession methods of 


— 


technical procedure and of organization for the conduct of pipeline 


standards of accuracy and detail : for specific surveys, , cooperating with the 
Surveying and Mapping Division, and other groups. 
__ Chairman Howard M. Hayes, , Ford, Bacon & Davis, Inc., 3130 Two Notch v" 

Road, Columbia, S. C.; Tracy L. Atherton, Topographic Engr. Calif. Dept. of 
Water Resources, Box 1079, Sacramento, Calif.; William G. Birkhead, , Asst. 4 


7 _ Engr. , United Gas Pipe Line Co., Box 952, Beaumont Texas; Edward V. “ 


Browne, Project ‘Engr. S. Army Research & Development Laboratories, 
Fort: Belvoir, ‘Va.; ; James C. Faulkner, ‘Supervisor c of Drafting Div., 
Eastern Transmission Corp., Box 1612, Shreveport, La.; Edwin L. 
_ Harrington, Assoc. Prof., A & M College, College Station, Texas; Banks at ° 


McLaurin, District Engr., The Atlantic Refining Co., , Box 2819, Dallas 1, ¥ 
Texas; John F. Schaffer, Chief Civil Engr., El Paso ‘Natural Gas Co., Box in 7 
1492, El Paso, Texas; Thomas B. ‘Shelfer, Evaluation Engr., . Interstate ol 
_ Pipe Line Co., 210 Carrollton Ave., Shreveport, La.; Edward H. Schmidt, | — 
a President, E. . Schmidt & Associates, Inc., 825 S. Detroit Ave., Tulsa, Okla. 
Advisory: William F. Howard, Chief of Right- -of-Way Dept., El Paso Natural > ae 


ee Co., Box 1492, El Paso, Texas; ‘Vent B. . Speaker, SageEsree, Land | Dept. es 


_V. P., Transcontinental Gas Pipe Line Corp., Box 296, Houston 1, Texas. — 
‘Ss ecial Representatives of Surveying & Mapping Division (for preparation o of 
a Manual on Pipeline Location): Robert H. Dodds, Project Engr., Gibbs & 4 fe . 
Hill, Inc., Pennsylvania Station, New York, mM... Prof. Milton | O. Schmidt, 
of Illinois, 103 Surveying Bldg., , Urbana, 
Chairman Hayes is readying an interim ‘report of a questionnaire sent ou 
in 1957 to about 100 crude, products, gas and water pipeline anmpenios oa 
existing policies relative to pipeline location. 
Task Committee on Pipeline Location: Chairman E. 0. ‘Scott, 
.¢. ‘Faulkner, E. H. Schmidt, Prof. M. O. Schmidt, J. F. Schaffer eis “ing 
~~ an organizational meeting last October, a search for available agama ne 
inate on pipeline locations was initiated. The activities of this com- 
a mittee will be correlated with those of the Committee on Pipeline a 
a of Railroads and Highways in regard to pipeline location. Chapters of the . 
_ proposed Manual will be written for publication as progress reports in the a 
Pipeline JOURNAL prior to ultimate decision to them for — 


Ast 
4 
a 
"| 
4 
4 
= 
a 
| t played by 
juding the part play 


re 


a 


t "Factors in pipeline location 


Construction cost 

Upland, tideland and 
River crossings» 
a Codes affecting cost 
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beat 


Canvass ¢ of availatie 


Inspection of in in field 


wom 


vs. ground surveys 
Subsurface investigations 
-of- -way sppraisals 


profile : surveys 
Additional surveys for ‘contract purposes for 


Duties the the Constr 


Field 


procedures 
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li Division 
Pipeline 


ACTIONS OF THE A. S. A. SECTIONAL | COMI 
¥ 


a attention is called to actions of the ASA Sectional Committee B31 
_ which are a result of requests from individuals or companies for interpre- | 
_ tation of a particular section of ASA B31. 1 - 1955, or changes suggested by | 
} practical experience in using the code. The subcommittee involved submits 
_ the information or change to the B31 executive committee for approval as a a 
“case.” Upon approval, the case is published in the ASME publication “Me-_ 
chanical Engineering” under the news caption “ASME | Codes and Standards 
_ Workshop”, and also in “The Magazine of Standards” of the ASA. When these 
q _ published actions do aot. constitute formal revision of the Code, they may ld 
utilized in specifications, o1 or chorwise, as représenting the 
Actions previously qummarised in the March and June 1958 “News” 
ed Cases Nos, 24 through 28 and No. 31. Subsequently, the following cases 
. Py have | appeared in “Mechanical Engineering” as indicated, some of which in- i 
clude extensive tables and other considerable data. 
- Case No. 30 (Feb. 1958) covers the design and construction of — under 
Division A. of Sections 3 and 5 (corrections were in the June 1958 issue). "a rio = 
Case No. 32 (Feb. 1958) covers centrifugally cast steel pipe under rules of — 


> = ‘Case No. 29 (July cee covers refrigeration piping under rules of Sections ie 


Case No. 33 (Nov. 1958), covers API 5LX pipe, Grades X42 and X52, under > 


- Executive Committee submits slate of three nominees for ap- 
-pointment of one for next fiscal year—to Div. Activities Com. 
; May 15 15 All committee Chairmen submit next year ’s budget request to na - 


Chairman, for report June 1 to Div. Activitie 


“Aug All committee ee Chairmen submit 19 1959 annual 1 report to Div. 
Committee annual report Sept. 30 to bw, 
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— 1959 DEADLINE DATES FOR COMMITTEE WORKERS 


Cleveland ¢ convention (May 4- 8 


col tion ( (Oct. 19- -23, 


“an Sept a ae submit papers to Publications—followed- up by the 
New Orleans convention n (March 11, 1960) 


‘Sept 1 List of to Executive Committee. 

Nov 1 Request for approval of program—to Div. Activities Com. 


4 ot Members of t the Pipeline Din Division are invited t to submit ; any contributions 
ce. of interest for the “News” and to contribute to the technical work of the di- — 


an Please pass the word along to members that they can affiliate 


a lected. Many members have not enrolled in any division. This “ 
‘mailed only to those affiliated with our division. 
add to our mailing list which is s mainted by Society 
it be appreciated if you will and the form on the 


Ae 


— 
— June Request for approval of program—to Div. Activities Com. 
A 
= 
CIVIL ENGINEERING besides 100 other different papers as individuallv 
— 
— 


O. Box 296, Houston 1, Texas 


c/o Transcontinental G Gas Line 


Tie. 


— 


- am it interested in participating in Committee activity an and submit the follow- ‘- 


> 


Committee o on ‘PIPELINE INSTALLATION 


Participate correspondence 
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